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or B, unnumbered) and referred to in the text by number or by author and date. Authors 
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SYSTEM A 
IN THE LIsT OF REFERENCES: 


1. References should be arranged alphabetically according to the names of the authors 
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the author(s) should be repeated in the second and subsequent citations. 

‘he year of publication should follow the initials of the last author. 

4. Citations of work accepted for publication should include the year and place of publi- 
cation followed by “In press.” References to work that has not been published should be 
given simply as ‘‘Unpublished.” 

5. In citations from periodicals, the volume number will be printed in boldface type and 
thus in the manuscript the number should be underlined by a wavy line. 
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IN THE TEXT: 
Citations should be referred to by the key number shown in the list of references. The fol- 
lowing is an example: ‘“‘Ward (9) found...” 
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SYSTEM B 
THE LisT OF REFERENCES: 

References should be arranged alphabetically according to the names of the authors 
of publications. 

2. If two or more publications are listed for the same author or authors, the name(s) of 
~ author(s) should be replaced by a dash in the second and subsequent citations. 

The year of publication should follow the initials of the last author. 

. Two or more publications listed for the same author or authors in the same year should 
be differentiated by a, b, etc., following the year. 

Citations of work accepted for publication should include the year and place of publi- 
cation followed by * ‘In press.’’ References to work that has not been published should be 
given simply as “U npublished.” 

6. In citations from periodicals, the volume number will be printed in boldface type and 
thus in the manuscript the number should be underlined by a wavy line. 
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IN THE TEXT: 


The following examples indicate how to refer in the text to citations given in the reference 
list: (Smith 1938), (Basham 1957, 1958), (Bell 1957; Smith 1938), (Bell and Giffin 1957; 
Hughes 1953a, 19536, 1955), (Wood unpublished). When the names of the authors form 
part of the text, only the date will appear in parentheses, as in ‘‘Basham (1957) reported..." 
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CHROMOSOME NUMBERS AND TAXONOMIC NOTES 
ON NORTHERN GRASSES 


I. TRIBE TRITICEAE! 
Wray M. BowbEN 


Abstract 


Chromosome numbers and voucher specimens are recorded for some collec- 
tions of the tribe TrrTICEAE Dumort., mainly collected in Canada. The somatic 
chromosome numbers of the following are recorded: (1) Elymus canadensis L., 
2n = 28; (2) Elymus cinereus Scribn. & Merr., 2n = 28 and 2n = 56; (3) Elymus 
glaucus Buckl., 2n = 28; (4a) Elymus innovatus Beal subsp. innovatus, 2n = 28; 
(4b) Elymus innovatus Beal subsp. velutinus Bowden, 2” = 56; (5) Elymus 
wiegandii Fern., 2n = 28; (6) Eremopyrum triticeum (Gaertn.) Nevski, 2n = 14; 
(7) Sitanion hystrix (Nutt.) J. G. Smith, 2” = 28; (8) XAgrohordeum macounii 
~ asey) Lepage, 2n = 28; (9) Xz Agroelymus hirtiflorus (Hitchc.) Bowden, 

= 28; and (10) X. A groelymus ungavensis (Louis-Marie) Lepage, 2n = 28. 
tes var. coreensis Hack. is an earlier varietal name, Elymus mollis Trin. var. 
coreensis (Hack.) Bowden replaces E. mollis Trin. var. japonicus Bowden as 
the name for the variety that occurs on the shores of the Sea of Japan. 


Introduction 


Since 1948, a large number of collections of seeds, live plants, and voucher 
specimens of grasses have been collected, mainly by the field staff of the 
Canada Department of Agriculture. Somatic chromosome numbers have 
been determined and the materials have been identified. In the present 
paper, which is the first of a series, the chromosome numbers of some collec- 
tions of the tribe TRiITICEAE Dumort. are recorded and some pertinent taxo- 
nomic notes are included. Some of the material of this tribe has already been 
reported on by Bowden (3), who considered the cytotaxonomy of section 
Psammelymus of the genus E/ymus in detail and by Bowden (4), who treated 
the intergeneric hybrid genus, & Elymordeum. 

In the present paper, chromosome numbers are recorded for some species 
of Elymus sect. Elymus, Eremopyrum, Sitanion, X Agrohordeum, and X Ag- 
roelymus. The genera Hordeum and Agropyron (including Agropyron sensu 
stricto, Roegneria, and Elytrigia) are not included in this paper since the 
abundant materials of these genera are being studied in long-term projects 
and will be considered in detail in later papers. 

1Manuscript received June 17, 1959. 


Contribution No. 15 from the Plant Research Institute, Research Branch, Canada Depart- 
ment of Agriculture, Ottawa, Ontario. 
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Materials and Methods 


The living grass plants, seeds, and herbarium specimens were collected by 
staff members in various localities across Canada, particularly in northern and 
western Canada, several stations in Alaska, and in some adjoining areas of 
the mainland United States. Plants were grown in pots in the greenhouse 
and outside frames, and in the experimental plots. 

Somatic chromosome numbers were determined in slides of root tips prepared 
by the method of Bowden (2). Crystal violet (schedule B) was used except 
that the root tips were fixed directly in Randolph’s modification of Navashin’s 
fixative. In order to shorten the schedule, the pretreatment of the root tips 
in cold water was omitted as well as the prolonged washing of the slides in 
water just before staining. In some species, the chromosome numbers were 
readily determined. In others, particularly species with a very high chromo- 
some number or species with unusual chromosome morphology, some of the 
metaphases in the permanent slides were smeared as described by Bowden (2). 
This smearing procedure made possible a more accurate determination of 
chromosome number and morphology. 


Results 


Chromosome Numbers 

The accessions of grass materials have been grouped according to their 
taxonomic identifications. For each voucher specimen, data are given on the 
province, district, or state, the cytogenetic accession number (=Cyt. No.), 
the geographical locality where the material was originally collected, the col- 
lector’s name and specimen number, and the somatic (27) chromosome number. 
In the citation of chromosome numbers, the specimens sent in from the 
field as live plants are designated as “‘clones” and the plants grown to mat- 
urity from seed are designated as “plants”. All of the voucher specimens 
are deposited in the Phanerogamic Herbarium of the Plant Research 
Institute (DAO). 


(1) Elymus canadensis L. 

Plants of three collections of this species were tetraploid, 2” = 28. 

Voucher specimens: Alberta: Cyt. No. 735, St. Mary’s Dam, near Spring 
Coulee, near Lethbridge, H. A. Senn 4671; 2n=28 det. on one plant. British 
Columbia: Cyt. No. 1612, Summerland on west side of Okanagan Lake, com- 
mon at base of bluffs along margin of lake, J. A. Calder & D. B. O. Savile 
10781; 2n=28 det. on one clone. Mackenzie District: Cyt. No. 1479, Lower 
Hay River, W. H. Lewis s.n., August, 1951; 2n=28 det. on one plant. 

The tetraploid chromosome number, 2” = 28, was reported for E. canadensis 
by Brown (6), Nielsen (11), Nielsen and Humphrey (12), and Hartung (8). 


(2) Elymus cinereus Scribn. & Merr. 
Three collections of this species were tetraploid, 2n = 28 and one collection 
was octoploid, 2n=56. The tetraploid plants tend to have narrower spikes 
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and smaller spikelets than those of the octoploid specimens. A much larger 
sampling of cytologically determined specimens from a larger geographical 
area is required before these two polyploids can be adequately treated. 

Voucher specimens of the tetraploids: British Columbia: Cyt. No. 1636, 1 
mile southwest of Cranbrook, common on open, dry ground near alkaline 
marsh, J. A. Calder & D. B. O. Savile 11394; 2n=28 det. on one clone. Cali- 
fornia: Mono Co.: Cyt. No. 1733, Leevining Canyon, 1 mile west of Ranger 
Station, dry open south-facing slope, altitude 7200 ft, G. L. Stebbins, Jr. 5223; 
2n = 28 det. on two plants. Cyt. No. 1734, 16 miles northeast of Leevining 
Post Office, on road to Brodie, dry alkali flat along roadside, altitude 6800 ft, 
G. L. Stebbins, Jr. 5224; 2n=28 det. on one plant. 

Voucher specimens of the octoploid: British Columbia: Cyt. No. 1611, 
Summerland on west side of Okanagan Lake, extremely abundant at low 
altitudes along dry, relatively bare slopes and around and in alkaline flats, 
J. A. Calder & D. B. O. Savile s.n., July 20, 1953; 2n=56 det. on two clones 
and one plant. Specimen from same locality, just north of Summerland on 
west side of Okanagan Lake, very common at bottom of steep cliffs along 
margin of lake, up to 9 ft tall, J. 4. Calder & D. B. O. Savile 9748. 

Hartung (8) reported 2m =28 for E. cinereus. 


(3) Elymus glaucus Buckl. 

All plants of this species were tetraploid, 2” = 28. 

Voucher specimens: British Columbia: Cyt. No. 441, Fort Fraser, ex Prince 
George Experiment Station; 27=28 det. on three plants. Cyt. No. 1788, 
Vancouver, Spanish Banks, W. G. Dore 15063; 2n=28 det. on one clone. 
Cyt. No. 1797, Vancouver, Crescent Beach, back of beach in wood chips near 
shrubbery, not creeping, W. G. Dore & J. W. Eastham 15073; 2n=28 det. on 
one clone. Cyt. No. 1799, Vancouver, Crescent Beach, shrub boundary along 
beach at back of sea cliff, W. G. Dore & J. W. Eastham 15075; 2n=28 det. 
on one clone. Cyt. No. 1800, Vancouver, Crescent Beach, in forest above 
beach, W. G. Dore &@ J. W. Eastham 15076; 2n=28 det. on one clone. Cyt. 
No. 1801, Vancouver, Crescent Beach, dry upper beach ridge, plants purplish, 
tufted, W. G. Dore & J. W. Eastham 15078; 2n=28 det. on one clone. Cyt. 
No. 1817, Vancouver, Spanish Banks, J. W. Eastham 16,501; 2n=28 det. on 
one clone. Cyt. No. 1818, Vancouver, Spanish Banks, J. W. Eastham 16,501; 
2n = 28 det. on one clone. Ontario: Cyt. No. 1170, Algoma District, Gros Cap 
near Sault Ste. Marie, C. Frankton s.n., June, 1951; 2n=28 det. on one plant. 

The tetraploid chromosome number, 2”=28, was reported for EF. glaucus 
by Brown (6), Hartung (8), and Stebbins and Love (16). 


(4a) Elymus innovatus Beal subsp. innovatus 

Four collections of subsp. innovatus were tetraploid, 2n=28. Subspecies 
innovatus has a wide range from British Columbia, the Mackenzie District, 
Alberta, Saskatchewan, and Manitoba to James Bay, Ontario, and from 
Montana and Wyoming to South Dakota. This area has all been glaciated 
except for certain regions in the last three states. 
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The spikes of specimens of subsp. innovatus are usually linear-cylindric and 
vary in length from (4.1)—7.0-9.5-(16.5) cm long. The lemmas are always 
villous- or densely villous-pubescent. The density and length of the lemma 
hairs vary somewhat in different specimens but the pubescence is never velu- 
tinous (longer, coarser, denser pubescence) as in the lemmas of the new sub- 
species described under (4b). Because the pubescence never completely covers 
the bodies of the lemmas in subsp. imnovatus, the color of the lemmas shows 
through and the spikes are greenish to purplish. 

Voucher specimens of subsp. iznovatus: Alberta: Cyt. No. 1562, Banff, 
Tunnel Mt., open spaces in pine forest, L. Jenkins 1541; 2n=28 det. on one 
plant. Mackenzie District: Cyt. No. 1053, Fort Smith, growing in dry sand, 
W. J. Cody & C. C. Loan 3937; 2n=28 det. on one clone. Cyt. No. 1085, 
Salt River, fairly common, W. J. Cody & C. C. Loan 4594; 2n=28 det. on one 
clone. Cyt. No. 1480, Lower Hay River, W. H. Lewis s.n., August, 1951; 
2n = 28 det. on one plant. 


(4b) Elymus innovatus Beal subsp. velutinus subsp. nov. 

A typo differt spicis lanceolato-cylindricis, brevioribus, (3.0)—4.5—7.0-(8.5) 
cm long., lemmatibus griseo-vel luteo-velutinis. 

Specimens of subsp. velutinus differ from those of subsp. imnovatus in the 
generally shorter spikes which are lanceolate-cylindric, and in the lemma 
pubescence which is velvety in subsp. velutinus. ‘The lemma pubescence in 
subsp. velutinus is so dense that the bodies of the lemmas are hidden by the 
hairs and the spikes appear grayish to yellowish velvety. Specimens of 
subsp. velutinus have been examined from interior Alaska, from the northern 
Yukon, and from adjacent northern Mackenzie. In comparison with the 
area of subsp. innovatus, the area of subsp. velutinus is unglaciated except for 
the area near the mouth of the Mackenzie River. 

Two Alaskan collections of subsp. velutinus were examined cytologically 
and both were octoploid, 27=56. Thus these two subspecies are clearly 
distinguished morphologically, geographically, and cytologically. 

Voucher specimens of subsp. ve/utinus examined cytologically: Alaska: Cyt. 
No. 1267, Big Delta Camp area, Mile 264, Richardson Highway, disturbed 
ground along roadside, W. J. Cody & 7. J. M. Webster 6158, holotype of subsp. 
velutinus (DAO); 2n=56 det. on one plant. Cyt. No. 1268, same locality 
(paratype and topotype), clump in disturbed ground by road through mixed 
spruce woods, W. J. Cody 6259; 2n=56 det. on one plant. 

Other specimens examined of subsp. velutinus (paratypes): Alaska: Vicinity 
of Donnely Dome, east of Richardson Highway, elev. 2000 ft, drier openings 
in dwarf birch — willow community, substrate glacial moraine, G. W. Argus 
1049. Near Delta Junction, scattered in open prairie area, W. J. Cody & 
T. J. M. Webster 6033. Delta River, Mile 272, Richardson Highway between 
Big Delta and Delta Junction, common in fine sand on bank of river, W. J. 
Cody & T..J. M. Webster 5710. Fairbanks, sandy soil along river, A. S. Hitch- 
cock 1476. Healey, along Nenana River, E. Lepage 25,473. Mt. McKinley 
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Park, near airfield, Dutilly, Lepage & O' Neill 20,134. Yukon: Herschel Island, 
A. Dutilly 18213. Herschel Island, moist mud slope 30 ft above sea level 
at Paukin’s Cove, J. Ross Mackay 16. Firth River, on Arctic coastal plain 
about 23 miles from coast, humus, E. Cashman 29. North side of Kathleen 
Lake, 3500 ft above sea level, northern Yukon, M.A. McLeod s.n., August 15, 
1949, Mackenzie District: Reindeer Station, common on open eroding slope 
of middle third of Caribou Hills, W. J. Cody & D. H. Ferguson 10020. Caribou 
Hills, East Channel Mackenzie River, 3 miles northwest of Reindeer Station, 
sandy gravel of eroding bank on upper slopes, W. J. Cody & D. H. Ferguson 
10101. 


(5) Elymus wiegandii Fern. 

One collection of this species was tetraploid, 2n=28. The specimens were 
identified by Dr. W. G. Dore of our staff and he considered that this species 
is distinct from EF. canadensis L. to which it appears to be related. 

Voucher specimen: Quebec: Cyt. No. 521, Gaspé Co., St. Majorique, 
H. A. Senn s.n., Aug. 27, 1947; 2n=28 det. on three plants. Specimen from 
same locality, W. G. Dore 47-879. 

Brown (6) reported 2” =28 for E. wiegandii. 


(6) Eremopyrum triticeum (Gaertn.) Nevski 

Plants of two collections of this species proved to be diploid, 27=14. 
Eremopyrum triticeum is native in southern parts of the European U.S.S.R. 
to Central Asia. Both of the collections examined cytologically have been 
introduced into the Canadian West where small populations appear to have 
been permanently established. 

Voucher specimens: Saskatchewan: Cyt. No. 960, Maple Creek, grown from 
seed collected by J. B. Campbell in 1949, Ottawa plots, W. M. Bowden 
960 S1; 2n=14 det. on one plant; Maple Creek, J. B. Campbell 15. Alberta: 
Cyt. No. 1100, Medicine Hat, a few dense patches along both sides of fence 
around yard of commercial greenhouse, W. G. Dore 11964; same source, grown 
from seed, Ottawa plots, W. M. Bowden 1100 S1; 2n=14 det. on one plant; 
same source, Introduction nursery, Brandon, Manitoba, G. A. Stevenson 892. 

Sarkar (15) reported that one collection of E. triticeum from the Rust 
Research Laboratory, Winnipeg, was diploid, 2n=14. Avdulov (1) reported 
2n=14 for Agropyrum prostratum (Pall.) P.B. which is an incorrect name for 
the earlier Agropyron triticeum Gaertn. Under Eremopyrum, the correct 
name is Eremopyrum triticeum (Gaertn.) Nevski. 


(7) Sitanion hystrix (Nutt.) J. G. Smith 

One collection of this species was tetraploid, 2n = 28. 

Voucher specimen: British Columbia: Cyt. No. 1681, Manning Park, 
Blackwall Peak, north of Ranger Station on Hope-Princeton Highway, occa- 
sional on open, wooded, south-facing, rocky slope, alt. 6300 ft, J. A. Calder & 
D. B. O. Savile 11589; 2n=28 det. on one clone. 

Brown (6) and Stebbins and Love (16) reported 2n=28 for S. hystrix. 
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(8) XAgrohordeum macounii (Vasey) Lepage. 

(A gropyron trachycaulum (Link) Malte X Hordeum jubatum L.) 

Four collections of this intergeneric hybrid were tetraploid, 2n = 28. 

Voucher specimens: Manitoba: Cyt. No. 211 (in part), La Riviére, ex seed 
of H. A. Senn 3088; 2n=28 det. on one plant; other specimens of Cyt. No. 211 
were Agropyron trachycaulum. Cyt. No. 639, St. Jean Baptiste, 50 miles 
south of Winnipeg, roadside, growing with Agropyron trachycaulum and 
Hordeum jubatum, W. G. Dore 9215; 2n=28 det. on one clone. Mackenzie 
District: Cyt. No. 1625, Norman Wells, single clump on open hillside by 
Mackenzie River, W. J. Cody & R. L. Gutteridge 7421; 2n=28 det. on one 
clone. Cyt. No. 1873, Fort Simpson, old field behind Hudson Bay Co., 
W. J. Cody & J. M. Matte 8767; 2n=28 det. on one clone. 

Boyle and Holmgren (5) demonstrated that the parentage of X A grohordeum 
macounit is Agropyron trachycaulum X Hordeum jubatum; see discussion on 
pages 119 and 121 of Bowden (4). Boyle and Holmgren (5) found numerous 
irregularities at meiosis. Dr. R. J. Moore of our staff examined meiosis of 
one plant of Cyt. No. 211 and observed very irregular meiosis and no normal 
pollen. Plants of this sterile, tetraploid intergeneric hybrid can be expected 
to occur wherever the two parental tetraploid species grow in the same or 
adjacent habitats. Hitchcock (9) showed a wide range for this hybrid, from 
the Central and Western States to Alaska. In Canada, plants of XA. 
macounii occur occasionally in Ontario, British Columbia, the Yukon, and the 
District of Mackenzie. The hybrids are very common in Alberta, Saskat- 
chewan, and southern Manitoba and there are numerous specimens from these 
localities in our herbarium (DAO). 

Brown (6) and Nielsen (11) reported 2n=28 for XAgrohordeum macounii 
(as Elymus macounit). 


(9) XAgroelymus hirtiflorus (Hitchce., pro sp.) Bowden, comb. nov., 
based on Elymus hirtiflorus Hitche., Am. J. Botany 21: 132. Fig. 2. 1934. 
Syn.: XAgroelymus turnert Lepage, Naturaliste can., 79: 252-254. 1952 and 
80: 198. 1953. XK Agroelymus ontariensis Lepage, Naturaliste can., 79: 254-257. 
1952 and 80: 198. 1953. Putative parentage: Elymus innovatus Beal subsp. 
innovatus Agropyron sp. 

Lepage (10) gave the putative parentage of X&Agroelymus turneri as 
“A gropyron smithii Rydb. X Elymus innovatus Beal’. Some of the character- 
istics of E. innovatus subsp. innovatus are apparent in specimens labelled 
Elymus hirtiflorus Hitche., xAgroelymus turnert Lepage, or XK Agroelymus 
ontariensis Lepage. The other parent of these hybrid specimens cannot be 
Agropyron smithii Rydb. since a large number of collections of A. smithii 
that have been studied by H. A. Senn, J. M. Gillett, and the author have 
consistently proved to be octoploid, 2n=56. The Agropyron parent of 
XA groelymus hirtiflorus appears to have been either Agropyron trachycaulum 
(Link) Malte or A gropyron dasystachyum (Hook.) Scribn. Lepage (10) thought 
that the parentage of X Agroelymus ontariensis was ‘‘Agropyron trachycaulum 
(Link) Malte var. novae-angliae (Scribn.) Fern. X Elymus innovatus Beal’’. 
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I have examined 30 specimens in our herbarium (DAO) that were labelled 
either Elymus hirtiflorus, X Agroelymus turneri, or XAgroelymus ontariensis. 
The specimens are not all identical with one another, but morphologically 
they closely resemble the original description of Elymus hirtiflorus Hitche. and 
his figure 2. Until the parentage can be experimentally confirmed, I think it 
best to place all these intergeneric hybrids under XA groelymus hirtiflorus. 
It is likely that several nothomorphs (hybrid forms) are involved since there 
is considerable variation in populations of both Agropyron trachycaulum and 
A. dasystachyum. Elymus innovatus subsp. innovatus certainly appears to 
have been one of the parents of all these hybrid specimens. If the other parent 
was always the same species of Agropyron, then all of the specimens must be 
called XAgroelymus hirtiflorus. If there are different interspecific hybrids, 
then each different species combination bears a different name. 

Three collections of XK Agroelymus hirtiflorus were tetraploid, 2n = 28. 

Voucher specimens: Alberta: Cyt. No. 2063, at type locality of * A groelymus 
turneri Lepage, 2 miles below Fort Saskatchewan, along top of the bank of the 
Saskatchewan River, W. J. Cody, E. H. Moss, & G. H. Turner 9556; 2n=28 
det. on one clone. Cyt. No. 1094 and 1095, Mile 207, Mackenzie Highway, 
grassland, bench of Meander River Valley, E. H. Moss 9450; 2n=28 det. on 
two clones. 

Several spikes of potted plants of Cyt. No. 2063 C1 were bagged and other 
unbagged spikes were also examined during the summer and fall of 1958. 
No seeds were set in any of the spikes. The tetraploid chromosome number of 
the hybrid specimens supports the suggestion that the parents could have been 
Elymus innovatus subsp. innovatus and Agropyron trachycaulum or Agropyron 
dasystachyum, all of which are tetraploid, 2n=28. 


(10) XAgroelymus ungavensis (Louis-Marie) Lepage 

(A gropyron latiglume (Scribn. & Sm.) Rydb. & Elymus mollis Trin. subsp. 
mollis var. mollis). 

Six collections of this intergeneric hybrid were obtained from the type 
locality at Fort Chimo, Quebec. All of the collections were tetraploid, 
2n=28. In the plots, the plants formed large clumps, with numerous short 
rhizomes, and they produced numerous spikes. Although many spikes were 
examined for several seasons, they never produced seed. Dr. R. J. Moore 
observed that meiosis was irregular in one plant of Cyt. No. 665 and that the 
average pairing was 21.4 I + 3.3 II. 

Voucher specimens: Quebec: Fort Chimo, Cyt. No. 573; 656; 663; 665; 667; 
and 668; 2n = 28 det. on six clones. The original field specimens are: Quebec: 
Fort Chimo, Crystal 1, in alder—willow—birch thickets on bank of inlet from 
Koksoak River, strongly rhizomatous, old culms 23 ft, large area on bank, 
H. A. Senn 3445. Steep banks along willow and birch scrub near stream, 
strongly rhizomatous, H. A. Senn 4053. Upper part of sandy beach of 
Koksoak River, creeping, spike purple, common, J. A. Calder 2468. Bank of 
small stream north of station, creeping, occasional, J. A. Calder 2473. Sandy 
area by bank of small stream at station, creeping, common, J. A. Calder 2401B. 
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Lepage (10) thought that the putative parentage of X Agroelymus ungaven- 
sis was Agropyron latiglume X Elymus mollis. The specimens of XA groely- 
mus ungavensis are morphologically intermediate between specimens of the 
two putative parental species that were collected in the Fort Chimo area. 
Bowden (3) reported 2n=28 for E. mollis subsp. mollis var. mollis from Fort 
Chimo, Quebec (Cyt. No. 652). The tetraploid chromosome number, 2n = 28 
was also observed in one collection each of A gropyron latiglume (Cyt. No. 658) 
and Agropyron trachycaulum var. novae-angliae (Cyt. No. 657), collected in 
the Fort Chimo area. On the hybrid specimen of H/. A. Senn 4053, it was noted 
that Agropyron trachycaulum and Elymus mollis were growing in the vicinity 
of the plants of XAgroelymus ungavensis. The morphology of the hybrid 
specimens suggest that Lepage (10) has given the correct parentage but the 
parentage needs to be confirmed experimentally. 

Specimens of X Agroelymus ungavensis are similar to, but morphologically 
distinct from, specimens of XAgroelymus adamsii Rousseau nm. adamsii 
(Anticosti Island, Quebec) and distinct from specimens of XAgroelymus 
adamsii Rousseau nm. jamesensis Lepage (east coast of James Bay and Rich- 
mond Gulf on Hudson Bay, Quebec). Lepage (10) gave the putative par- 
entages for these two nothomorphs, respectively, as Agropyron trachycaulum 
var. majus X Elymus mollis Trin. subsp. mollis var. mollis and Agropyron 
trachycaulum var. novae-angliae X Elymus mollis Trin. subsp. mollis var. 
mollis. 


Taxonomic Note on a Variety of Elymus mollis Trin. 

When I read the list of synonyms of Elymus mollis Trin. in the Flora of 
Japan by Ohwi (13), I noted that he included E. arenarius {L.] var. coreensis 
Hack. Dr. Ohwi (14) kindly provided me with the bibliographic reference 
and when I examined Hackel’s description (7), it was apparent that var. 
coreensis Hack. was an earlier varietal name for the taxon described by Bowden 
(3) as E. mollis Trin. var. japonicus. The correct name for this variety is: 

Elymus mollis Trin, subsp. mollis var. coreensis (Hack.) comb. nov., 
based on Elymus arenarius [L.] var. coreensis Hack., Bull. Herb. Boissier, 
seconde serie, tome 3: 507. 1903. 

Holotype: Korea: In arenosis maritimis, prope Ouen-san, U. Faurie 843(W!). 

Syn.: Elymus mollis Trin. subsp. mollis var. japonicus Bowden, Can. J. 

Botany, 35: 971. 1957. 

Bowden (3) listed four other specimens under var. japonicus which all belong 
to var. coreensis. The specimen of U. Faurie 843 was listed under var. 
japonicus and it is the type of var. coreensis. I recall seeing ‘‘E. arenarius 
var. coreensis”’ written on the sheet (in Hackel’s handwriting) but at that time 
it was not possible to establish that the varietal name had been published. 
The original diagnosis of var. coreensis Hackel was: ‘“‘differt a typo spi- 
culis 1.5 cm. (non 2 cm.) longis, glumis fertilibus ex emarginatura apicis 
mucronulatis”’. 

In the synonymy of Elymus mollis Trin., Bowden (3) listed: Leymus mollis 
(Trin.) Pilger, Bot. Jahrb. 74:6. 1945. Ohwi (14) wrote that this combination 
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had already been published earlier but invalidly as a synonym: Leymus mollis 
(Trin.) Hara, pro syn., Bot. Mag. Tokyo. 52: 232. 1938. nomen invalidum. 
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EXPRESSION OF LEAF RUST RESISTANCE IN SELKIRK AND 
EXCHANGE WHEATS AT DIFFERENT STAGES 
OF PLANT DEVELOPMENT! 


D. J. SAMBORSKI AND W. OsTApPyYK? 


Abstract 


Unexpectedly heavy leaf rust development was observed on mature (ripe) 
field-grown plants of the resistant wheat varieties, Selkirk and Exchange. 
Greenhouse experiments with pure races of leaf rust showed that a partial 
breakdown of both seedling and adult plant resistance occurred when the plants 
were approaching maturity. This change in resistance would not affect yields 
but could result in exaggerated estimates of rust damage. Leaf rust readings 
in rust nurseries, at least on these varieties, should be made before the plants 
are ripe. 


Introduction 


The wheat variety Selkirk is moderately resistant to leaf rust at all stages 
of plant development. However, rust reactions indicative of moderate 
susceptibility have been observed on flag leaves of mature or nearly mature_ 
plants. The variety Exchange, which has the same seedling resistance as 
Selkirk, has additional factors for adult plant resistance and is normally 
immune from leaf rust in the field. Occasionally, a considerable amount of 
leaf rust has been observed on flag leaves of mature plants of Exchange. 
These field observations suggest a partial loss of resistance in ripening plants 
of these varieties. 

A number of workers have studied ontogenetic variations in rust resistance 
(see Chester (1)). Most of the variations recorded have resulted from the 
presence of genes for adult plant resistance; these genes have no effect on 
rust reaction until the plants reach a certain stage of maturity. However, 
Gassner’s studies clearly indicate the occurrence of other ontogenetic varia- 
tions in rust resistance (3). He observed in some varieties a ‘‘wave of resis- 
tance”’ at flowering, preceded and followed by susceptibility. The present 
study was carried out to determine unequivocally whether there is a loss in 
resistance when plants of Selkirk and Exchange are ripe or nearly so. 


Methods 


The studies reported here were all carried out in the greenhouse. Prelimin- 
ary studies showed that adult plant resistance was expressed most consistently 
in the flag leaf; therefore, all rust readings on adult plants were carried out on 
this leaf. Rust reactions were determined 14 days after inoculation. 

Adult plant resistance in this paper refers to a type of resistance described 
by other workers as adult, mature, or field resistance. The term mature is 
limited in this paper to plants that are nearly ripe. 

1Manuscript received July 25, 1959. 
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Results and Discussion 


Seedling, flowering, and mature plants of Selkirk were inoculated with 
three races of leaf rust. The heads on the mature plants were turning yellow 
while the flag leaves were still green. The results in Table I show that the 
mature plants were the least resistant. 

Rust reactions of Selkirk and Exchange were compared at different stages 
of plant development. A number of experiments were carried out and 
representative data for five stages of plant development are shown in Table 
II. These results show that Selkirk was moderately resistant at all stages 
of development to maturity. At maturity, resistance was less effective. 
The seedling resistance of Exchange was identical with that of Selkirk. How- 
ever, because of their adult plant resistance, Exchange plants became highly 
resistant at the boot stage and remained highly resistant until maturity when 
the resistance was much less effective. 

It is clear that several! distinct factors affect rust reaction during the devel- 
opment of these varieties. The seedling resistance is consistently effective 
until the plants are approaching maturity. The gene or genes for adult 
plant resistance become effective when the head begins to form and remain 
effective until the development of the plant is largely completed. With 
both types of resistance, a breakdown occurs when the head no longer requires 
materials from the leaf. At this stage, the flag leaf, though often still green, 


TABLE I 


Reaction of Selkirk plants to leaf rust races at three stages of plant development 


Stage of plant development 
Leaf rust 


race Seedling Flowering Mature 
11 1+* i+ X+ 
15 2 2 a+ 
126 2 


2+, 3 


*Rust reactions according to Stakman et al. (8). 


TABLE II 


Reactions of Selkirk and Exchange wheats to leaf rust races at different stages 
of plant development 


Race 15 Race 126 


plant development Selkirk Exchange Selkirk Exchange Selkirk Exchange 


Seedling 1+ 1+ 2 2 2 2 
Boot stage i+ 1= 2 0;,1= 2 0;,1= 
Heads emerged 1+ 0; 1 0; 1 0; 
Flowering 1+ 0; 2 0; 2 0; 
Mature 2+, 3 x 2+, 3 2,2+ 2+, 3 2+ 
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is becoming senescent. A similar breakdown of resistance can be obtained 
by physical and chemical treatments which result in the accumulation of 
material in the leaf (2, 4, 5, 6). 

Gassner (3) considered that the wave of resistance at flowering resulted 
from increased migration of nutrients from leaves to heads. This concept 
has been elaborated recently in terms of competing metabolic sinks and the 
availability of substrate to the pathogen (5, 6, 7). The increased suscepti- 
bility shown in the present study occurs when the requirements of the head 
for nutrients are minimal and materials would be expected to accumulate in 
the senescent leaf. At this stage sites which had been undergoing intense 
metabolic activity are largely quiescent. 

These results suggest that field observations on Selkirk may give an exag- 
gerated estimate of leaf rust damage if carried out late in the growing season. 
Effective rust resistance prevents yield loss by inhibiting reproduction and 
subsequent spread of the pathogen. Reproduction of the pathogen is mark- 
edly curtailed on Selkirk and becomes appreciable only when the plants are 
nearly mature. Consequently, it is doubtful whether leaf rust causes any 
significant yield reduction in Selkirk fields. However, the effect of leaf rust 
on Selkirk yields is being investigated. 

The adult plant resistance of Exchange is a valuable source of leaf rust 
resistance and its value is not affected by the partial breakdown which may. 
occur. It should be clear that this breakdown of resistance occurs when the 
leaf no longer performs any useful function for the plant. Therefore, leaf 
rust readings in rust nurseries, at least on Selkirk and Exchange or varieties 
derived from them, should be made while the resistance factors are still fully 
operative. If such readings are made on mature plants, the relatively heavy 
rust ratings sometimes observed might lead plant breeders to discard lines 
of great potential value. 
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SEROLOGICAL AND PHYSICAL PROPERTIES OF SOME 
STONE-FRUIT VIRUSES 


I, PREPARATIVE AND SEROLOGICAL TECHNIQUES! 
R. S. WiLuison, M. WEINTRAUB, AND J. H. TREMAINE? 


Abstract 


Strain Y.4 of the cherry yellows virus was purified from cucumber by four 
methods, which differed mainly at the clarification stage: A, the homogenate 
buffered at pH 6.5 was frozen; B, leaves were frozen and the expressed sap was 
buffered at pH 5.0; C, fresh expressed sap was diluted with pH 5.0 buffer; D, 
fresh expressed sap was dialyzed against .05 M acetate buffer at pH 4.5. One or 
two cycles of differential centrifugation were applied after clarification. Freezing 
usually inactivated the virus. Methods C and D yielded infective preparations. 
Ultraviolet absorption spectrum analysis, and particle size and sedimentation 
rate determinations, supported by infectivity tests, indicated that, in these 
infective preparations, the virus replaced most if not all of the components 
found in comparable extracts from healthy sources. The agar gel diffusion 
technique was used for precipitin tests. Virus antigen from cucumber sources 
reacted with homologous antiserum or with antiserum derived from infected 
cherry petals and vice versa. 


Introduction 


In a report on the purification and electron microscopy of stone-fruit 
viruses of the cherry yellows group (6), it was pointed out that virus extracts 
prepared from cucumber tissue by differential centrifugation carried, in 
addition to active virus, some green pigment and a variety of particulate 
nonvirus components. While these preparations were useful in the early 
stages of the investigation, they were obviously not suitable for other tech- 
niques used in the characterization of viruses which demanded a greater 
degree of purity. Colorless preparations obtained by ammonium sulphate 
precipitation or by treatment with chloroform-amyl-alcohol were not satis- 
factory, either because some of the viruses in the group were inactivated or 
destroyed during purification or because some had particle size character- 
istics similar to those components found in comparable extracts of healthy 
tissue (6). The present paper deals first with several modifications in puri- 
fication procedure made in an attempt to obtain viable virus extracts with a 
minimum of other components and, second, with the serological activity 
and other characteristics of some of the more promising preparations. 


Materials and Methods 


The experiments involving method A, described in the next section, were 
conducted with necrotic ring spot virus strain N.5 transferred to cucumber 
in May, 1956. The more stable cherry yellows strain Y.4, which was used in 
place of N.5 in the remaining experiments, was purified from sour cherry 

1Manuscript received June 9, 1959. 
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petals in May, 1957. Both viruses were maintained for more than a year in 
cucumber, var. Windermoor Wonder, by successive transfers at intervals of 
10 to 14 days. The cucumber plants were propagated from seed in the green- 
house and after inoculation were kept in a controlled environment at about 
75° F, with fluorescent illumination 18 hours per day. Two extracts of cherry 
yellows virus strain Y.2 purified from sour cherry petals as previously des- 
cribed (6) were also used for preparation of antiserum and for determinations 
of characteristics such as particle size, sedimentation rate, ultraviolet absorp- 
tion, and serological activity. 

The basis of all the procedures involving cucumber source material was 
essentially differential centrifugation (15 minutes at 10,000 g (max.) alter- 
nating with 100 minutes at 100,000 g or equivalents). The pellets obtained 
from high-speed runs were each covered with 0.5 to 0.75 ml distilled water 
and allowed to stand for several hours at 4° C. Sugar density gradient sepa- 
ration indicated that the virus could be expected in the upper layers of the 
pellet. Later, infectivity tests showed that the virus appeared in the soluble 
fraction of the pellet taken up by diffusion on standing, but not in detectable 
amount in the heavier insoluble fraction. 

In this paper, the supernatants obtained after the first and second complete 
cycles of differential centrifugation are designated S; and S; respectively. 
The letters, A, B, C, and D, prefixing these designations refer to different 
methods of purification (see below). Concentrations of solutes in the prep- 
yarations are given as grams of starting material per milliliter, for example 
300x means the yield from 300 g leaf concentrated in 1 ml extract. 

Modifications in procedure were for the most part applied to the clarifying 
phase of purification and are described below. As a check on the efficiency of 
each procedural modification and on the probable degree of purity of the 
resulting virus preparations, comparable extracts were prepared from healthy, 
uninoculated cucumber tissue (H) and subjected to the same tests. The 
ultraviolet absorption spectrum of each preparation was determined in a 
Beckman DU spectrophotometer to obtain estimates of the probable nature 
and relative yield of extracted materials. A number of representative prep- 
arations were also examined in the electron microscope and the analytical 
centrifuge, as indicated. 

The antigen preparations used for injection into rabbits were colorless and 
more or less opalescent, but not always infective. At first antisera were made 
in the usual way by intravenous injection repeated four or five times at fort- 
nightly intervals. In later experiments, preparations were emulsified in mineral 
oil and injected intramuscularly (2, 4). Each emulsion was prepared from 2.5 
ml extract and 2.5 ml oil and adjuvant mixture (85:15 v/v). The adjuvant 
used was Arlacel A (mannide mono-oleate). One 2.5-ml injection in each 
thigh was sufficient to yield an antiserum of good titer in 3 or 4 weeks even 
with relatively low concentrations of antigen (25 to 75x). This method is 
particularly useful with preparations available only in limited volume, like 
those from cucumber sources, or at infrequent restricted intervals, like those 
from cherry petals. 
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Because of the occurrence of nonvirus components in many of the virus 
preparations, precipitin tests were carried out in Petri plates at room tem- 
perature by the agar gel diffusion technique (3, 5). The gel was 1.0% clarified 
Difco agar in distilled water. To prevent bacterial and fungal contamination 
Merthiolate (Eli Lilly Corporation) was added at recommended concentration 
when the plates were poured. Circular pits of approximately 0.5-ml capacity 
and 1 cm apart, edge to edge, were formed in the solidifying agar by means of 
alcohol-sterilized aluminum molds. Readings were taken every two or three 
days until it was evident that no further development of pattern could be 
expected. Allowing the poured plates to dry out for several days before use 
markedly shortened the reaction time. 


Experimental Results 


Clarification by Freezing 

For the first procedural modification (method A), a known weight of tissue 
(300 to 500 g) was homogenized in a Waring blendor with an equivalent volume 
(300 to 500 ml) of .067 M phosphate buffer at pH 6.5. The resulting homo- 
genate was frozen for 24 hours, thawed, strained through cheesecloth, and 
immediately given two cycles of differential centrifugation. This procedure 
usually inactivated the virus (strain N.5). Yields of ultraviolet-absorbing 
solutes were variable, but relatively high from both infected and healthy 
sources (Table I), except cotyledons from 3-week-old healthy plants. However, 
the ultraviolet absorption spectra of virus and nonvirus preparations, which 
were much alike (H.AS;, Fig. 1), suggested that the virus was obscured by 
nucleoproteins of normal origin. Serological tests with these preparations 
indicated that virus and nonvirus extracts had at least four sets of antigens 
in common. The former also contained a fifth strongly active antigen (Fig. 7) 
that was evidently the virus (N.5), since the antiserum reacted with a single 
zone of precipitation against an infective cherry petal extract of the same 
virus, but with none against healthy cherry petal extract. In one experiment 
with strain Y.4 the pellet was allowed to stand in distilled water at 4° C for 
2 weeks. The absorption spectrum of this preparation was of the type usually 


TABLE I 


Relative yields of ultraviolet-absorbing materials obtained in representative extracts 
prepared by different methods (see Fig. 1) 


Sources 
Methods Infected Healthy 
A. Homogenate frozen Ss 300 .0* 265.0 (3.8)t 
B. Leaves frozen S; 42.0 43.0 
C. Homogenate bufiered S; ~~ 1.0-3.0 0.25 
D. Homogenate dialyzed S; os 10.0 
S; 1.0 0.8 


*Relative yields calculated, in terms of virus yield by method D, from dilution factor and absorption at 260 mu. 
tCotyledons from 3-week-old plants. 
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Fics. 1-4. Ultraviolet absorption spectra of H and Y.4 extracts prepared from 
cucumber by methods A (Fig. 1), B (Fig. 2), C (Fig. 3), and D (Fig. 4). 


associated with plant viruses (Y.4.AS;, Fig. 1), but the presence of the virus 
could not be verified because of loss of infectivity. 

In method B, a known weight of leaf was fast-frozen. Several days later, 
after thawing, the sap was expressed through cheesecloth and adjusted to 
pH 5.0 by the addition of an equal volume of 0.134 M phosphate buffer. The 
yields obtained in S; after one cycle of differential centrifugation were about 
one sixth those obtained by method A at the S; stage (Table 1). The com- 
ponents in extracts from healthy tissue were similar in ultraviolet absorption 
to those from infected tissue (Fig. 2). Virus extracts were not infective, but 
produced an antiserum of low titer that gave a single precipitation zone with 
some infective virus preparations (methods C and D), but not with others 
less concentrated. 
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Clarification by pH Adjustment 

In method C, fresh leaves were macerated in a meat grinder and the expressed 
sap after squeezing through cheesecloth was diluted with an equal volume of 
0.08 to 0.10 M acetate buffer at pH 5.0. The first high-speed pellet (P2) was 
either dispersed immediately in .05 M buffer or allowed to diffuse overnight 
into a small quantity of distilled water at 4° C. In the latter instance, the 
pooled diffusates were diluted with an equal volume of .05 M buffer, which 
was used for rinsing the pellets. The second pellet (P;) was taken up by 
diffusion in distilled water. The virus (Y.4.CS;) extracts were infective, 
but yields varied considerably (Table I), probably because of differences in 
virus concentration in the source plants and in the effect of pH on the virus 
from time to time. In one experiment, in which half of the P. pellets were 
taken up in water instead of buffer, infectivity tests and ultraviolet absorption 
indicated that the use of buffer at that stage not only removed most of the 
nonvirus components but also destroyed some of the virus. The ultraviolet 
absorption spectra of the virus extracts were reasonably consistent and typical 
of plant viruses (Fig. 3). Yields from healthy sources were consistently low, 
and the absorption spectra suggested the presence of small quantities of 
protein and nucleoprotein. The predominating particles observed in electron 
micrographs of the Y.4.CS; preparations were 40 my in diameter, the size 
characteristic of strain Y.4 (6). Similiar particles were also plentiful in Y.4.CS; 
preparations, but not in H.CS; (Fig. 5). 


Clarification by Dialysis 

In method D, fresh tissue was ground as in method C, but the expressed 
sap was dialyzed in 25 mm diameter cellulose tubing against .05 M acetate 
buffer at pH 4.6 at 0° C. Dialysis was allowed to proceed until the green 
components had begun to flocculate and a brownish supernatant zone appeared. 
As the time required varied from less than an hour to more than an hour and 
a half, the end point had to be estimated by observation. The dialyzed sap 
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Fics. 5 and 6. Comparison of particle size distributions of H and Y.4 cucumber 
extracts prepared by methods C (Fig. 5) and D (Fig. 6). Numbers of particles measured 
for H.CS;, 712; for Y.4.CS;, 825; for H.DS;, 1084; and for Y.4.DS;, 1871 
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was given either one or two cycles of differential centrifugation. Virus prep- 
arations were infective and remained so for at least 10 days at 4° C. Yields 
from infected and healthy sources were about the same (Table I), but the 
absorption spectra suggested that the nonvirus components were mainly 
protein rather than nucleoprotein (Fig. 4). The spectrum of the Y.4.DS; 
preparation was evidently a composite resulting from nearly equal amounts 
of virus and nonvirus material. In the Y.4.DS; preparations the amount of 
nonvirus contamination was relatively small and only slightly affected the 
absorption spectrum. Particle size distributions of typical S; extracts are 
illustrated in Fig. 6. 

Antisera were prepared from S; and S; antigen extracts (method D). The 
Y.4.DS; preparation used for this purpose evidently carried, in addition to the 
virus, two distinct nonvirus components, only one of which was present in the 
corresponding H.DS; (Fig. 8). The faster diffusing nonvirus component 
appeared to be the less stable, as it was sometimes absent from the Y.4.DS,’s 
and present in H.DS;’s and vice versa (Figs. 8, 9). Its presence or absence 
was presumably dependent on variations in dialysis at the clarification stage. 
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Fics. 7-10. Precipitin patterns obtained by gel diffusion with antisera N.5.AS; (Fig. 
7), H.DS;, Y.4.DS; (Figs. 8 and 9), Y.4.DS; and Y.2.MP (Fig. 10). Antisera are repre- 
sented by hatched and antigens by open circles. Virus precipitin zones are solid lines, 
and nonvirus are stippled. 
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The more stable, slower diffusing nonvirus component may have been a 
complex of similar but not identical antigens, the proportions of which varied 
from extract to extract. The configuration and intersection of the precipitin 
zones due to this component (Fig. 9) indicate that the H.DS; antigen prep- 
aration contained elements not present in the corresponding Y.4.DS;, but 
represented in the Y.4.DS; antiserum. In the experiment illustrated in Fig. 9, 
the nonvirus component in the two Y.4 extracts was not present in high enough 
concentration to react with H.DS; antiserum, which appeared to be of relatively 
low titer. Both the Y.4.DS; antiserum and the virus antiserum prepared 
from cherry petal extracts (Y.2.MP) formed a single continuous zone of pre- 
cipitation with Y.4.DS,; antigen from cucumber and Y.2.MP antigen from 
cherry petals (Fig. 10) but not with a comparable extract from healthy cherry 
petals (H.MP). The nonvirus components of the Y.4.DS,; preparation used 
in this experiment were evidently at too low a concentration to be detected 
serologically. 


TABLE II 


Sedimentation rates of components in preparations 
prepared from cucumber and from cherry petals 


Preparation No. tested Method Sedimentation rates 
From cucumber 

Strain Y.4 1 CS; 72” 

Strain Y.4 5 DS; 68-71 (70)t, 20* 

Strain Y.4 a DS; 71-74 (73), 22* 

Healthy (H) 1 DS; 17 

Healthy (H) 2 DS; (i) 24 

(ii) 14, 26 

From cherry petals 

Strain Y.2 2 70, 38 

Healthy (H) 1 8, 124 


*Major component in italics, other components not always present. 
tRange of values, mean in brackets. 


Sedimentation Rates 

The sedimentation rates (S values) of components in different preparations 
are compared in Table I]. In the cucumber extracts, the major component 
produced a sharp, prominent peak. Other components were usually either 
barely or not at all detectable, particularly in Y.4 preparations. The cherry 
petal preparations, in addition to the components indicated, contained a con- 
siderable amount of material, probably polysaccharide, that pelleted too 
quickly for its sedimentation rate to be measured. The S values of the major 
component in the Y.4 preparations were reasonably uniform and the variations 
observed could be attributed chiefly to differences in concentration and 
viscosity of the several preparations. The S values of the major component 
in the Y.2 cherry petal extracts were in agreement with those obtained with 
Y.4. In contrast to the Y.4 preparations, the H extracts varied markedly 
with respect to their major components. The differences in their S values are 
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taken as further evidence that the extracted constituents of normal plants 
were relatively unstable and that the stage of their breakdown depended on 
minor differences in procedure, presumably in the duration of dialysis. 


Discussion 


The criteria—infectivity, ultraviolet absorption, sedimentation rate, 
serological activity, and particle size—used to characterize the virus supple- 
ment one another and together provide evidence that the principal com- 
ponents of the Y.4 and H preparations have distinctly different character- 
istics, although they both appear to be nucleoproteins or, in certain H extracts, 
derivatives thereof. The virus and nonvirus components in mixtures can be 
distinguished by one means or another. With three of the four preparative 
methods described, the yields from healthy and infected sources were of about 
the same magnitude and the virus, when present, almost entirely replaced 
the nonvirus components (methods C and D) or made up a considerable 
proportion of the mixture (methods A and B). It would therefore appear 
that the virus, like other plant viruses, was formed at the expense of normal 
host constituents. 

Although unstable in comparison with some other viruses, the cherry yellows 
virus was not so unstable as it was first thought to be. It has also proved to 
be more stable than normal host nucleoproteins. Unfortunately it has not 
yet been possible to obtain the virus in reasonably pure form without losing 
appreciable amounts in the process. To date, the comparative instability of 
the virus has precluded its concentration by methods other than high-speed 
centrifugation. The amount of starting material that can be processed at one 
time is therefore limited by the capacity of the centrifuge as well as by practical 
difficulties in obtaining infected material in quantity. 

Preparations made by methods A and B, which involve clarification by 
freezing, were not satisfactory for present purposes, both because they con- 
tained considerable amounts of nonvirus nucleoprotein and because the virus 
was inactivated. However, they did serve to demonstrate that the virus can 
lose its infectivity, while retaining its specific antigenicity. 

There is little to choose between methods C and D so far as the resulting 
Ss preparations are concerned, although the former usually gives somewhat 
less nonvirus contamination. On the other hand, the latter, which involves 
no dilution, has the distinct advantage of allowing double the quantity of 
starting material to be processed in the same time and equipment. 

The virus antigen when present in cherry petal preparations can readily 
be detected by virus antiserum derived from cucumber sources, and vice versa. 
Also, experiments still in progress indicate that the several viruses in the cherry 
yellows group have at least some antigenic properties in common. Partially 
purified cucumber extracts, such as Y.4.CS; or Y.4.DS;, could be used for 
making antiserum in quantity for serological analysis and indexing of Prunus 
material. Because of the loss of virus in the second cycle of differential centri- 
fugation, larger volumes of such preparations having the same concentration 
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of virus antigens as the more refined ones can be prepared from the same 
amount of starting material. At present, the chief obstacle to extensive 
serological indexing is the lack of a ready and satisfactory method of obtaining 
suitable antigenic preparations from cherry leaves. Recent work in Wisconsin 
(1) suggests that this obstacle may not be insuperable. The use of antigens 
from petals may be practicable for rapid small-scale indexing of budwood 
sources. 
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STUDIES OF NECTAR SECRETION IN EXCISED FLOWERS 


II. THE INFLUENCE OF CERTAIN GROWTH REGULATORS 
AND ENZYME INHIBITORS! 


R. W. SHUEL 


Abstract 


Concentrations of 5X10-> M to 5X10-! M of 3-indoleacetic (IAA), a- 
naphthaleneacetic, or 2,4-dichlorophenoxyacetic acid usually reduced nectar se- 
cretion in excised flowers of Antirrhinum majus L. cultured on sugar solutions. 
The major part of the reduction occurred at relatively low concentrations of the 
growth regulators. The percentage reduction by IAA remained fairly constant 
when the sugar concentration of the medium was varied. Although the growth- 
regulating compounds promoted ovary growth, increased growth did not appear 
to have been the cause of reduced nectar yields. IAA sometimes increased 
nectar secretion. The effect of IAA on secretion was modified by 2,3,5-tri- 
iodobenzoic acid. Nectar secretion was partially inhibited by iodoacetic acid, 
sodium arsenate, dinitrophenol, sodium azide, and fluoroacetic acid at con- 
centrations which caused no visible injury to flowers. Two inhibitors of phos- 
phate transfer, dinitrophenol and sodium arsenate, modified the influence of 
IAA. The data support the hypothesis that nectar secretion is an active process. 


Introduction 


The expulsion of nectar from floral or extrafloral nectaries is generally 
referred to as “nectar secretion’’, in the sense of “‘nectar production”. This 
usage has the virtue of familiarity and so will be retained in this paper. In a 
stricter sense, ‘“‘secretion’’ implies the active transfer of a substance through a 
membrane by the use of an energy supply other than, or additional to, the 
kinetic energy of the molecules transferred (6). Nectar production has not 
as yet been demonstrated to involve the movement of sugars against a con- 
centration gradient, because of the difficulties involved in making accurate 
measurements, over short periods of time, of the respective solute concentra- 
tions of nectar and the sap delivered to the nectary. There is, however, con- 
siderable circumstantial evidence that an active mechanism of sugar trans- 
port may exist in the nectary (18, 19, 23, 24). 

A few years ago nectar production in excised flowers of snapdragon (Antir- 
rhinum majus L.) was found to be sensitive to the presence of synthetic 
growth-regulating compounds in the culture solution (unpublished data). 
The same compounds promoted ovary enlargement. As the nectariferous 
area is located in the basal part of the ovary, and as the ovary normally 
enlarges during the secretory period, the relationship of secretion to ovary 
growth was examined. The nature of the effect of the growth regulators, 
and toa lesser extent the effect of a number of enzyme inhibitors, is the subject 
of this paper. 

1Manuscript received April 30, 1959. 

Contribution from the Department of Apiculture, Ontario Agricultural College, Guelph, 
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Fruit Research Committees in Ontario. 
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Materials and Methods 


Snapdragon plants of the F; generation of the hybrids ‘Star Charter’’ 
and ‘‘Wintergreen” were grown in the greenhouse under standard conditions 
of mineral supply. Flowers were removed from the stems prior to opening 
and cultured for 48 to 72 hours on buffered sucrose solutions as described 
previously (19). The period of culturing coincided with the normal period of 
nectar production. Buffer mixtures of KH2,PO, and NasHPO, of 0.035 molar 
concentration were used. Cultures were kept in darkness at ca. 25° C over 
sulphuric acid — water mixtures calculated to maintain relative humidity at 
90 to 100%, in order that postsecretion changes in volume and concentration 
might be minimized. Either large desiccators or aquaria with plate glass 
tops were employed as culture chambers. 

Nectar was collected by the centrifugation method in which flowers are 
inverted in special capillary tubes calibrated for volume (22). Concentrations 
of solids in the nectar were measured with an Abbe refractometer in terms of 
equivalent concentrations of pure sucrose. As the nectar of snapdragon 
flowers cultured on sucrose solutions contains some glucose and fructose 
as well as sucrose (19) and trace amounts of other solids (8), concentration 
values obtained by refractometry are not strictly accurate, but are satis- 
factory as comparative data. Weights of total solids, referred to in the tables 
as ‘‘weights of nectar sugar’, were derived from volume and concentration 
data. 

Ovaries were weighed on a semimicro balance. For dry weights, ovaries 
were kept at 100° C overnight. Oxygen uptake of single ovaries was measured 
in Warburg flasks at 30° C, the ovary resting to a depth of 2.5 mm in the 
medium used for culturing flowers. 

Because it is independent of postsecretion changes in nectar, weight of 
nectar sugar has been used as a standard index of nectar yield. Data on volumes 
and concentrations have also been included when considered to have special 
significance. 

Fresh weights of flowers were recorded at the time of nectar collection, 
as a check on general treatment effects on flower development. 

Treatments were replicated at least eight, and usually nine, times. Mean 
values for growth and nectar data have been compared in the tables, either 
by a “least significant difference’ (LSD), or by standard errors and state- 
ments of probabilities. 


Results and Discussion 


Growth Regulator Experiments 

Growth regulators were added to buffered sugar solutions at concentrations 
in the range 5X10 M to 5X10-* MW. Lower concentrations failed to pro- 
duce clear-cut results because of wide variability among individual flowers 
in their response. The pH was varied according to the experiment, in the 
range 5.3 to 5.8. 
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Figure 1 illustrates the effect of 3-indoleacetic acid on nectar production 
and ovary growth. Another experiment is reported in greater detail in Table I. 
At concentrations which had no visible detrimental effect on general flower 
development, IAA caused marked reductions in nectar yield. Nectar con- 
centrations were slightly lower and nectar volumes much lower in the treated 
groups. 
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Fic. 1. Expt.1. The effect of [AA on weight of nectar sugar and ovary fresh weight. 
LSD at 1% level for nectar sugar, 1.1 mg; for ovary weight, 0.62 mg. 


TABLE I 


The effect of IAA on nectar production and ovary enlargement in excised snapdragon flowers 


Mean Mean wt. 

Mean fresh Mean dry volume Mean of nectar 

Concn. wt. of wt. of of nectar concn. sugar per 
Expt. of IAA, ovaries, ovaries, per flower, of nectar, flower, 

No. M mg mg bl % mg 

0 4.57 22.4 17.3 2.88 
5.6710 23.6 4.49 15.4 12.4 1.98 
1.13X10"* 24.3 4.52 11.8 11.1 1.33 
2.841074 28.9 4.98 13.9 10.4 1.53 
LSD at 1% level I 8.3 1.0 0.34 


LSD at 5% level 0.42 


The major part of the depression in nectar yield occurred at low concen- 
trations of IAA, further increments having a lesser effect. Ovary fresh weight, 
however, was proportional to IAA concentration over the whole range. 
In expt. 2 (Table I) the [AA-induced increase in ovary size was attributable 
largely to water uptake. Ovary dry weight was appreciably increased only by a 
concentration of IAA considerably in excess of that at which the major 
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reduction in nectar occurred. On the basis of these observations, it appears 
unlikely that the depressing effect of IAA on nectar yields was a simple 
corollary of increased utilization of sugar in growth, or of increased water 
uptake, of the ovary. 

The same general pattern of growth regulator action appeared in a large 
number of experiments carried out over a 3-year period with 3-indoleacetic, 
a-naphthaleneacetic, and 2,4-dichlorophenoxyacetic acids, with a substrate 
of either sucrose or glucose. Concentrations of ca. 5X10~° M or higher usually 
reduced nectar sugar yields by 30 to 50%. In a few instances the growth 
regulators had no effect, and IAA increased nectar production in several 
experiments. One of the latter is summarized in Table IJ. This increase 
suggests that the effect of exogenous growth-regulating compounds may 
depend on the concentration of native auxins in the flower, and that the latter 
may influence nectar secretion under natural conditions. There is considerable 
evidence of seasonal variability in auxin level (9, 16). The similarity between 
the effects of high concentrations of growth regulators (ca. 5X10~* M) on 
excised flowers and the sequence of events occurring after fertilization of 
snapdragon flowers in vivo is also suggestive of an influence of endogenous 
auxin. In excised cultures, high concentrations cause a pronounced increase 
in ovary size and abscission of the corolla. In nature, nectar production 
ceases with fertilization, the ovary expands and the corolla is abscissed. 

The IAA-induced increase in both nectar production and ovary size in expt. 
3 is further evidence that the usual reduction in secretion by growth regulators 
was not solely a consequence of promotion of ovary enlargement. 


TABLE II 


Increased nectar production in excised snapdragon flowers 
in the presence of IAA 


Mean wt. 

of nectar 

Concn. Mean fresh sugar per 

Expt. of IAA, ’ wt. of ovaries, flower, 

No. M mg mg 
3 0 21.4 3.14 
2.281074 23.9 4.65 
LSD at 1% level 2.3 1.21 


The possibility that alterations in nectar production by IAA might be 
correlated with effects on respiration was next examined. Varied respiratory 
responses to growth regulators have been reported (13). Oxygen uptake of 
ovaries in the presence of 2.84X10-°, 1.1410-‘, and 3.42X10~ molar 
concentrations of IAA was measured manometrically. Reductions in oxygen 
uptake below the control were found at all concentrations, but only at the 
highest concentration was the reduction (18%) statistically significant. 
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Oxygen consumption was not correlated with nectar production in a group 
of flowers cultured at the same time in media containing the same concen- 
trations of IAA. The lowest concentration of IAA (2.84x10- M) reduced 
nectar yield as much as the highest. 


Experiments Combining 3-Indoleacetic Acid and 2,3,5-Triiodobenzoic Acid 

An attempt was made to modify the activity of indoleacetic acid by the 
addition of 2,3,5-triiodobenzoic acid (TIBA) to the medium. Triiodobenzoic 
acid inhibits the polar transport of IAA (11,17). It has been reported to act 
as an auxin synergist, an auxin antagonist, or a non-specific poison, depending 
on its concentration (1). 

IAA and TIBA were supplied to excised flowers separately and in combi- 
nation in a series of 2X2 factorial experiments using 10% sucrose media 
buffered at pH 5.6. The molar concentration of TIBA was about twice that 
of IAA. Results appear in Table ITI. 


TABLE III 


Single and combined effects of IAA and TIBA on nectar production and ovary weight in 
excised snapdragon flowers 


Mean wt. 
Concen. of: of nectar Values of P* for factorial effects on: 
Mean fresh sugar per 
Expt. IAA, TIBA, wt. of ovaries, flower, Ovary Nectar 
No. M M mg mg wt. sugar 
4 0 0 13.7+0.54t 1.564+0.182 IAA <0.001 <0.001 
1.41 X10-* 0 15.8 0.81 TIBA >0.05 <0.01 
0 2.60 X10~4 13.8 1.98 Interaction >0.05 >0.05 
1.41 X10-4 2.60 X10-4 17.3 1.41 
5 0 0 14.8+0.59 2.50+0.209 IAA <0.01 <0.001 
1.14X10-* 0 15.2 1.38 TIBA <0.01 >0.05 
0 2.40 X10-4 15.2 2.54 Interaction <0.01 >0.05 
1.141074 2.40 X10~4 18.0 1.27 
6 0 0 12.5+0.54 0.84+0.113 IAA <0.001 >0.05 
2.82 X10-4 0 ee 0.59 TIBA <0.001 <0.001 
0 5.20 0.95 Interaction <0.01 <0.001 
2.82 X10-4 5.20 13.0 1.60 


*Probability of a similar effect occurring by chance. 
Standard error of mean. For all comparisons, least significant difference between means at 5% level equals the 
standard error X 2.82; at 1% levei, standard error X 3.94. 


As ovary fresh weight had consistently been observed in previous experi- 
ments to be proportional to the concentration of growth regulator in the 
culture medium, the interactions of TIBA and IAA in respect to ovary en- 
largemen (synergism in expt. 5, antagonism in expt. 6) suggest that TIBA 
modified the concentration or the activity of [AA in the ovary. TIBA had 
no effect on secretion in expt. 5, where it acted synergistically to added IAA 
in respect to ovary weight. In expt. 4 it reversed the I[AA-induced depression 
of nectar yield, and in expt. 6, where it antagonized IAA promotion of ovary 
enlargement, it acted synergistically to IAA with respect to nectar yield. The 
enhancement of secretion by TIBA in expts. 4 and 6, and the interactions 
of TIBA and IAA, further support the existence of an optimal level of en- 
dogenous auxin for secretion. 
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Influence of 3-Indoleacetic Acid at Different Concentrations of Sucrose in the 
Medium 

Indoleacetic acid was supplied in combination with various concentrations 
of sucrose between 1% and 12%. The results of two experiments are present 
in Fig. 2, the results of a third, in more detail, in Table IV. 

Nectar secretion was depressed by IAA at all sugar concentrations but was 
never completely inhibited. Significant interactions between IAA and sucrose 
concentration appeared, the absolute reduction in nectar yield increasing as 
the sugar concentration was raised. When nectar yields in the presence of IAA 
were calculated as percentages of controls, the resulting ratios were constant, 
within experimental error, for a particular experiment. JAA apparently 
caused a diversion from secretion of a fairly constant percentage of the sugar 
molecules present. 

Depression by IAA of nectar sugar weights was the result of reductions in 
both volume and concentration values at the time measurements were made 
(48 to 72 hours after the initiation of an experiment). The contribution of post- 
secretion changes (19) is extremely difficult to assess. Attempts to resolve 
this question by extracting nectar after a shorter incubation period failed. 
As in earlier studies (19), a considerable volume of watery nectar was produced 
on media containing 1 or 2% sucrose. An increase in the sugar supply to 5 
or 6% raised the volume of nectar considerably, but further increases caused 
only slight changes in volume. 
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Fic. 2. Influence of IAA on nectar sugar production at different concentrations of 
sucrose in the medium. 

Upper graph (expt. 7). LSD at 1% level for sucrose effect, 0.37 mg; for IAA effect, 
0.32 mg. LSD at 5% level for I[AA-sucrose interaction, 0.39 mg. 

Lower graph (expt. 8). LSD at 1% level for sucrose effect, 0.56 mg; for IAA, 0.46 
mg; for interaction, 0.79 mg. 
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Considered by itself, the well-marked inverse relationship in expt. 9 between 
IAA effects on weight of nectar sugar and dry weight of ovaries would suggest 
that the interaction of sugar and IAA is connected with growth, and that 
effects on secretion are secondary. The data of expt. 2, however, are not in 
accord with this idea. It is possible that a common action of IAA, perhaps 
on the movement of sugars, affects both growth and secretion. Marré and 
Murneek (15) found that both pollination and treatment with growth-regulating 
compounds caused an increase in the capacity of tomato ovaries to absorb 
and retain carbohydrates. They concluded that growth was a consequence, 
rather than a cause, of this change in carbohydrate distribution. 


TABLE IV 


The influence of IAA on nectar production and ovary growth in excised snapdragon flowers 
at different concentrations of sucrose in the culture medium 


Mean Mean wt. 


Concn. Concn. Mean fresh Meandry Mean volume _ of nectar 
of sucrose of IAA in wt. of wt. of concn. of nectar sugar per 
Expt. in medium, medium, ovaries, ovaries, of nectar, per flower flower, 
No. % M mg mg % pl mg 
9 1 0 17.2 2.49 3.1 18.0 0.53 
1.141074 17.6 2.70 2.3 13.3 0.31 
5 0 16.3 2.89 7.4 29.7 2.23 
1.141074 18.6 3.08 5.6 21.0 45 
0 16.2 3.14 10.0 29.2 3.04 
1.14107 18.6 3.95 8.8 24.0 
Average for: 1% sucrose 17.4 2.59 27 15.6 0.42 
5% sucrose 17.5 2.98 6.5 25.4 1.69 
10% sucrose 17.4 3.45 9.4 26.6 2.60 
Average for: O IAA 16.6 2.84 6.8 25.6 1.90 
1.14X10- MIAA 18.3 3.18 5.6 19.4 1.21 
LSD (1% level) for: 
Sucrose concentration 1.50 0.252 0.93 3.67 0.328 
A! 1.23 0.206 0.73 3.01 0.269 
Interaction 2.04 0.370 3.58 0.465 


Ex periments with Enzyme Inhibitors 

The effect on secretion of several representative compounds known to 
inhibit various steps in respiration was next studied. Concentrations of in- 
hibitors which had no visible adverse effects on flower development were 
selected in preliminary trials, so that alterations in secretion would not be 
attributable to a non-specific toxicity. The inhibitors tested were iodoacetic 
acid, 2,4-dinitrophenol (DNP), sodium azide, fluoroacetic acid, and sodium 
arsenate. Iodoacetate attacks sulphydryl groups and at concentration around 
10-* M inhibits several dehydrogenases (12). Phosphorylation in yeast is 
partially inhibited at 10-* M. The glycolytic enzyme most susceptible to 
inhibition appears to be triosephosphate dehydrogenase (12). Depending on 
its concentration, DNP has diverse effects on metabolism. Concentrations 
of the order of 10~° M are believed to uncouple respiration from phosphory- 
lation, whereas at higher concentrations other mechanisms of toxicity are 
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operative (20). Sodium azide inhibits ferric and cupric oxidases at concen- 
trations around 10-* M, and also phosphate transfer (12). Fluoroacetic acid 
is a substrate-competitive inhibitor of acetate metabolism, believed to form 
fluorocitrate in the Krebs cycle (10). The end result of arsenate inhibition is 
the same as that of dinitrophenol, in that oxidation is uncoupled from its 
associated energy-storing mechanism (5). 

Tables V and VI deal with the influence on secretion of iodoacetate and 
fluoroacetate, respectively. The reversibility of the fluoroacetate effect was 
tested by adding citric acid at the same molar concentration. Tabular data 
on DNP appear in the next section. 


TABLE V 


The influence of iodoacetate on nectar production in excised snapdragon flowers 


Mean Mean wt. 
volume Mean of nectar 
Concn. of nectar concen. sugar per 
Expt. Experimental of iodoacetate, per flower, of nectar, flower, 
No. conditions M bl % mg 
10 10% sucrose, 0 20.8 17.8 4.05 
pH 5.6 + 2.691075 14.7 16.9 2.68 
$2.2 18.5 2.15 
4.30107 10.1 22.6 2.45 
LSD at: 1% level 7.45 3.2 1.56 
2% level 6.64 
5% level 1.39 


Concentrations of iodoacetate of the order of 10-° to. 10-* M reduced 
secretion by at least 33%. The pattern of reduction in nectar was similar to 
that found in growth regulator experiments—a low concentration of the 
inhibitor sufficed to cause the greater part of the reduction in secretion. 
Unlike the growth regulators, iodoacetate did not increase ovary size. The 
final volume of nectar was affected more than the concentration. The more 
highly concentrated nectar in flowers exposed to the highest concentration of 
iodoacetate (expt. 10) apparently resulted from abscission of the corollas and 
consequent exposure of the nectar to atmospheric drying during the latter 
part of the incubation period. 

Sodium azide at 10-* M reduced secretion by about 40%, fluoroacetate at 
10° M by about 30%. Addition of citrate at 10-° M failed to reverse the 
depression of secretion by fluorocitrate. Significantly lower values for nectar 
concentration accounted for most of the reduction in weight of nectar sugar 
by fluoroacetate in Table VI. In another experiment the fluoroacetate effect 
was made manifest in a smaller volume of nectar. 

Sodium arsenate at ca. 10-* M reduced nectar yield by about 25%, dinitro- 
phenol at 10-* M by about 50%. 

Partial inhibition of secretion of a similar order occurred in repetitions of the 
experiments with these compounds. 
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The depression of nectar yield by enzyme inhibitors at concentrations 
producing no symptoms of a general toxic effect is presumptive evidence that 
enzyme systems susceptible to these inhibitors are involved, directly or in- 
directly, in nectar production in snapdragon, and that some stage of the pro- 
cess is metabolic. Evidently a sulphydryl enzyme or enzymes, phosphate 
transfer, and acetate metabolism are involved. The inhibition by sodium 
azide could have involved either a heavy metal enzyme, or an enzyme catalyz- 
ing a phosphate transfer. Hackett and Thimann (10) found [AA-induced up- 
take of water by artichoke tissue to be susceptible to inhibition by iodoacetate, 
dinitrophenol, sodium azide, and fluoroacetate. Concentrations producing 
50% inhibition corresponded fairly closely to concentrations effecting a re- 
duction in nectar yields of a similar order in the present experiments. Arisz 
et al. (3) found that a number of inhibitors stimulated or inhibited secretion 
by salt glands of Limonium latifolium, depending on their concentration. 
Dinitrophenol increased nectar production in Abutilon striatum at 5X10~> M, 
and depressed it at higher concentrations (23). 


Experiments Combining Indoleacetic Acid and Enzyme Inhibitors 

Three of the inhibitors listed above, iodoacetate, sodium arsenate, and 2,4- 
dinitrophenol, influence phosphate-coupled oxidation and also modify growth 
substance action (5). The possibility of a relationship between growth sub- 
stance metabolism and utilization of energy-rich phosphate has been suggested 
(5). Dinitrophenol also inhibits polar transport of IAA (17). 

The possibility that these inhibitors might modify the action of IAA on 
nectar secretion was explored by combining IAA with each of the three in- 
hibitors in a series of factorial experiments, using a 10% sucrose solution buf- 
fered to pH 5.3. Experiments dealing with DNP are summarized in Table VII. 

The interactions of IAA and DNP were striking. The action of either 
compound was considerably modified by the presence of the other, the nature 
of the modification apparently depending on the relative concentrations of 
JAA and DNP in the medium. In expt. 12, where they were present in approxi- 
mately equimolar concentration, IAA effected a partial reversal of the extreme 
depression of secretion by DNP. The latter acted as an antagonist of IAA with 
respect to both fresh and dry weights of ovaries. In expt. 13, where the molar 
ratio of IAA to DNP was about 2.3:1, DNP increased the depression of 
nectar yield by IAA and acted as a synergist in ovary enlargement. Two con- 
centrations of DNP were used in expt. 14. The combination of IAA with the 
lower concentration of DNP reduced secretion, whereas the combination of 
IAA with the higher concentration increased nectar production over the level 
for the upper concentration of DNP alone. Nectar volume, rather than con- 
centration, was the chief variable, except in expt. 14, where wide variation 
in concentration occurred. 

Although the correlation between variation in ovary size and variation in 
nectar sugar was very slight, it may be noted that a reinforcing effect of the two 
compounds on depression of nectar yield was accompanied by a synergistic 
action on ovary fresh weights (expt. 13). Conversely, a positive interaction 
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on secretion was accompanied by antagonistic or negative effects on growth 
(expts. 12 and 14). The results resembled those obtained in the experiments 
with TIBA and IAA, with one important difference—TIBA alone never 
reduced nectar secretion, and sometimes enhanced it, whereas DNP alone 
invariably depressed secretion. 

When 10~* M sodium arsenate was supplied in combination with IAA at 
2.310 M, both compounds reduced nectar yield, the effect being additive. 
In another experiment in which arsenate at 3.6 X10~° M and IAA at 2.310-4 
M were tested, neither compound by itself affected nectar production, but the 
two combined caused a substantial reduction. The reinforcing effect on re- 
duction of nectar was accompanied by a positive interaction (synergism) with 
respect to ovary enlargement. 

The results of the experiments combining iodoacetate and IAA were not 
decisive. 

The interactions between IAA and DNP and between IAA and sodium 
arsenate with respect to both nectar production and ovary enlargement 
indicate that IAA and the inhibitors act on a common system. Interactions 
might result from participation of IAA in a system sensitive to inhibition by 
arsenate and dinitrophenol, such as energy transfer, from the interference of 
the inhibitors with IAA action, or from a conibination of both. The similarity 
between the modification of IAA activity by TIBA and DNP suggests that a 
common focus of action might be IAA transport, or the effective level of IAA 
in the ovary tissue. 

Further information about the nature of the DNP-IAA interaction was 
sought in respiration measurements. Dinitrophenol depressed oxygen uptake 
of ovaries by about 30% at 1@~* M concentration but at 5X10~> VW caused a 
sharp increase in oxygen consumption after the first 6 hours. Nectar yield 
was reduced at either concentration. Indoleacetic acid at 2.27K10- M 
had no effect on oxygen uptake either in the presence or in the absence of 
DNP. The key to the interactions of IAA and DNP does not seem to lie in 
the magnitude of oxygen uptake by the ovary. Respiration measurements 
on isolated nectaries would be more relevant but are unfortunately not 
feasible with snapdragon nectaries because of the large wound surface exposed 
by excision of nectaries from the ovaries. 


Conclusions 


The several growth substances tested may influence nectar production either 
by acting on the transport of sugar through the nectary cells or by regulating 
the amount of sugar reaching the nectary. Until more is known about the locus 
of activity and the mode of action of growth substances, the nature of their 
effect on secretion cannot be defined exactly. A polarized movement of sugars 
(14) may be involved. 

The depression of nectar yields by various types of enzyme inhibitors at 
concentrations which caused no visible injury to the flowers is evidence that 
metabolic energy is involved at some stage of the secretion process in snap- 
dragon. The level at which enzymatic reactions participate is not evident. 
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In the light of the interactions observed between IAA and compounds in- 
hibiting phosphate transfer, a search for further evidence of a role of phos- 
phorylation appears promising. Street et al. (7, 21) adduced evidence for the 
operation of a phosphorylation—-dephosphorylation system in the absorption 
of sucrose by excised tomato roots. 

In addition to sugars a considerable quantity of water passes through the 
nectary. Whether sugar and water move as a solution of fixed concentration, 
or to some extent independently, has been the subject of considerable specu- 
lation (4, 18, 19, 23). Data of experiments in which the sugar concentration 
of the culture solution was varied are relevant to the question. Volume of 


nectar increased as the sugar concentration was raised from 1 or 2% to 5 or 
6%. Further changes in volume were comparatively small. Weight of nectar 
sugar, however, continued to increase as the substrate concentration was 
raised to 10 or 12% (expts. 7-9, also ref. 19). These observations indicate that 
the passage of all of the water present in the nectar which accumulates in the 
corolla tube is not contingent on sugar transport. The production of an appreci- 
able volume of dilute nectar on low-sugar media is reminiscent of exudation 
in hydathodes. Agthe (2) observed a transition in nectary structure from forms 
anatomically similar to hydathodes and secreting dilute nectar to forms supplied 
exclusively by phloem and producing nectar of high sugar concentration. 
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EVIDENCE FOR DIFFERENT KINDS OF CONCURRENT 
TRANSLOCATION OF PHOTOSYNTHETICALLY 
ASSIMILATED C IN THE SOYBEAN! 


C. D. NELson, HAROLD J. PERKINS,? AND PAUL R. GORHAM 


Abstract 


When the primary leaf of a soybean plant was allowed to carry on photo- 
synthesis in CO, a small amount of labelled carbon was translocated downward 
into the root at a velocity of at least 5040 cm per hour. This velocity was 50 
times greater than the velocity at which sucrose was translocated in the phloem. 
The rapidly translocated C“ was not moved as carbon dioxide. When the 
time of translocation was increased from 30 seconds to 10 minutes there was 
an increase in C content of the root without any increase in C™ content of 
the lowest part of the stem. Part of the C was translocated through a steam- 
girdled stem, but under these conditions there was no accumulation in the root. 
This indicates that the rapid translocation of C' occurred in both living and 
dead tissues of the stem. These results were correlated with the localization 
of C in tissue autoradiographs of cross sections of the stem to show that there 
were at least three pathways of downward translocation: (a) a slow trans- 
location in the phloem, (6) a rapid translocation in the xylem, and (c) a rapid 
translocation in either the cortex, the phloem, or the pith. 


Introduction 


It is generally accepted that C fixed in photosynthesis is translocated 
chiefly as sucrose (19, 22) at a velocity of about 100 cm per hour (22). Fur- 
thermore, tissue autoradiography has shown that the phloem is the pathway 
of translocation (4, 8, 17, 20). Anatomical considerations (7) and analysis 
of exudates from aphid stylets (23) have led to the conclusion that the sieve- 
tube elements conduct organic material in the plant. 

In a previous paper (15) it was demonstrated that small amounts of photo- 
synthetically assimilated C can be translocated downward at a velocity 
at least 20 times greater than that reported for sucrose. The present paper 
shows that this rapid translocation of C™ occurs at even greater velocities 
and in at least two different tissues of the stem. In addition, it is shown that 
this C™ is translocated as an organic compound and not as carbon dioxide. 
Part of this work has been previously reported (16). 


Methods 


Plants of Glycine max var. Comet were grown in the following ways. 
(a) In a growth chamber maintained at 21°+0.5° C seeds were germinated 
and grown in coarse exploded mica (Vermiculite) in 5-in. pots irrigated from 
below with tap water or with nutrient solution I (Table 1). The illumination 
during growth was approximately 2000 ft-c (tungsten, water-filtered) for a 
16-hour day. (6) In a greenhouse maintained at 21°+1.0°C seeds were 
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TABLE I 


Composition of nutrient solutions 


IIt 
Major elements, mmoles per 1. 
KNO; 5 0.71 
Ca(NO;)2.4H2O 5 1.76 
MgSO,.7H20 2 1.35 
KH2PO, 1 1.04 
NH,H2PO; 0.62 
Minor elements, mg per |.f 
Ferric tartrate 5.0 
Versenol$ 25.4 
Fe(N H,)2(SO4)2.6H2O =e 36.0 
H;BO; 2.86 0.5 
MnCh.4H,0 1.81 
MoO; 0.07 0.06 
0.22 — 


ZnSO,.7H.O 


*Hoagland’s solution with Arnon’s A5 minor elements. 

tAs supplied by Dr. L. S. Donovan, Genetics and Plant Breeding Institute, 
Canada Dept. of Agriculture, Ottawa, and used by them with success for the 
culture of legumes. 

tUsing deionized water. 

§A gift of Versenes Incorporated, Framingham, Mass., U.S.A. 


germinated in moist Vermiculite. Seedlings were transferred to aerated 
nutrient solution II (Table I) in polyethylene containers and grown with 
supplementary illumination (tungsten, no water filter) as needed to give at 
least 1000 ft-c for a 16-hour day. Leaf and air temperatures were raised 
several degrees by the unfiltered tungsten lamps. 

Plants were used at various stages of development as follows: stage 0 
plants, about 17 days old with fully expanded primary leaves; stage I plants, 
about 21 days old with primary leaves and one fully expanded trifoliate 
leaf; stage II plants, with primary leaves and two fully expanded trifoliate 
leaves; and plants at intermediate stages, called 0i, Oii, Oiii, etc. as previously 
described (13). 

About one hour prior to the experiment, plants were transferred to the 
laboratory where they were illuminated with tungsten light filtered through 
water. The illumination was 2000 ft-c measured at the height of the primary 
leaves. At zero time from 50 to 250 uc of C™O, were injected from a 10-cc 
hypodermic syringe into a 50-cc polyethylene bag which was sealed with model- 
ling clay around one of the primary leaves of the plant. In some experiments 
one primary leaf was enclosed in a lucite chamber (21). After a time of 15 
seconds to 10 minutes the stem below the primary leaf was cut into pieces 
2 to 3.cm in length. Each piece was killed immediately by freezing in liquid 
nitrogen. Two methods of cutting up the plant were used. The first method 
involved premarking the stem with India ink and cutting serial pieces, starting 
from the root. The time elapsed for cutting and killing the pieces of the lower 
stem did not exceed 10 seconds. In the second method, all of the pieces of 


1182 
a 
| 
i 
4 
i 


NELSON ET AL.: TRANSLOCATION OF CARBON-14 1183 


stem were cut simultaneously using a hinged cutter with razor blades mounted 
at 2-cm intervals. The time elapsed for cutting and killing was from 3 to 
5 seconds. 

Plant material was extracted with hot 80% ethanol as previously described 
(12). All extracts were concentrated to dryness and the residues dissolved 
in known volumes of 80% ethanol. Aliquots of these solutions were plated 
on aluminum planchets and counted to within 3% standard error in a window- 
less methane gas flow proportional counter with an efficiency of 50%. All 
counts were corrected for background, self-absorption, and coincidence. 
The validity of the extremely low counting values reported was determined 
by checking all glassware and planchets for radioactive contamination and 
by doubling the aliquot on a planchet to give a doubling of the net count. 

The methods employed for tissue autoradiography of soybean stems con- 
taining water-soluble compounds have been described previously (17). 

In some experiments plants were girdled by steaming (12) and left in the 
laboratory overnight before use. 

All light intensities were measured with a pair of unfiltered Weston photronic , 
cells and foot-candle meter. 


Results 


Distribution of C™ in Stems 

In experiments carried out for 10 minutes or longer C™ was translocated 
out of the primary leaf, downward, toward the root. The amount of C' 
in the 3-cm sections of stem decreased logarithmically from the primary leaf 
(Fig. 1). Chromatographic analysis (12) showed that at least 90% of the 
Cin the stems was present as sucrose. Similar observations have been made 
by several workers (5, 9, 22). 

After 5 minutes translocation the first four sections below the primary 
leaf showed the typical logarithmic decrease in concentration of C™ (Fig. 2). 
However, the radioactivity did not decrease logarithmically to zero in the 
lower pieces of stem. That is, the advancing “‘front’’ of radioactivity did 
not conform to the logarithmic pattern. In shorter times of 35 or 18 seconds 
(Figs. 3 and 4) very small amounts of radioactivity were recovered from most 
pieces of the stem. The pattern of distribution was not logarithmic but 
discontinuous. In some pieces there was either no C“ or such a small amount 
that it was below 7 d.p.m. per piece—the limit of detection of the counter. 
Other pieces of stem contained up to 250 d.p.m. The data diagrammed in 
Figs. 3 and 4 are typical of the range obtained from a total of 14 plants studied 
after 65, 35, or 18 seconds translocation. The pieces containing the highest 
amount of C™ did not correspond to any particular locus on the stem except 
that the hypocotyl was always radioactive. Figure 4 shows the high amounts 
of C™ recovered from the stem of one plant after 15 seconds. Similar patterns 
were obtained after 60 or 30 seconds translocation but the usual pattern is 
shown in Fig. 3. 
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Fics. 1 to 4. Distribution of C™ in soybean stems after photosynthesis by one 
primary leaf. The blackened leaf was enclosed in a polyethylene bag. The dotted 
line indicates the limit of detection of the methane flow counter. Cross-hatching in Fig. 
2 indicates the sections of stem that were taken for tissue autoradiography. @ indicates 
the cotyledonary node. All plants were grown in nutrient solution II except plant 2 
which was grown in water. Total C™ fixed: plant 1, 11.3 wc; plant 2, 8.0 wc; plant 3, 
4.9 uc; plant 4, 0.8 uc. 


It is evident that there are at least two kinds of translocation of photosyn- 
thetically assimilated C". There is a rapid translocation of small amounts of 
C that results in a discontinuous pattern of distribution in the stem and a 
slower translocation of larger amounts of C™ that results in the typical 
logarithmic pattern. 


Velocities of Translocation 

The point where the logarithmic plot intercepts the axis of ‘‘zero’’ radio- 
activity (12 cm) may be taken as the “front’’ of slow translocation. In 
Fig. 2 this distance was 12 cm after 5 minutes which gives a velocity of 168 cm 
per hour. On the other hand, in an 18-second experiment (Fig. 4) C™ was 
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moved through at least 15 cm of stem, or a velocity of 3000 cm per hour 
for the rapid translocation. 

In an attempt to calculate the maximum velocity of the rapid translocation, 
three experiments were carried out with plants grown in solution culture so 
that various parts of the root could be examined for radioactivity. Since 
there were no root tips further than 42 cm from the primary leaf and these 
were radioactive after 30 seconds (e.g. piant 6, Table Il) the minimum velocity 

yas 5040 cm per hour. It is probable that the velocity may exceed this high 
value. 


Pathways of Translocation of Photosynthetically Assimilated C 

In order to test in which tissues the C'* was moving, steam girdling of stems 
was used. In three plants that were exposed to C“O, for 30 seconds small 
amounts of material were recovered from the stem below the steam girdle 
indicating that rapid translocation can occur in dead tissue, probably the 
xylem elements. Even though the pattern of distribution in the stems of 
these plants was similar to the pattern obtained in untreated plants (Fig. 3) 
an experiment such as this does not show whether C" can also be translocated 
rapidly in living tissue. 

Rapid translocation was further studied by analyzing the roots of plants 
grown in solution culture. Table II shows that there was accumulation of 
C in the roots of normal stage Oii plants as the time was increased from 30 
seconds to 5 minutes. Also in 10-minute experiments there was less accumula- 
tion in the roots of older plants (stage lii) than in the roots of younger plants 
(stage Oiii and 0i) while there was no correlation between the total C™ fixed 
and the total C'™ in the root. Since the stems of these plants were at least 
23 cm long and the furthest distance the ‘‘slow”’ front moved was 21 cm (plant 
10) the accumulation of C' in the root was not due to “slow’’ translocation. 


TABLE II 


Accumulation of C-labelled products of photosynthesis in 
the roots of normal and steam-girdled plants 


(All plants were grown in nutrient solution II and labelled with CO, of specific activity 
38.5 mc per mmole. Lucite chamber, 0.03% C™Oz for plant 6; 
polyethylene bag, 0.09% for remainder) 


Total Distance 
: Translocation cu Total C™ reached by 
Plant Stage of time, fixed, in root* (a), “slow” front (6), 
No. development min uc d.p.m. cm (a) /(b) 
Normal 
6 Oii 0.5 | 325 0.3 1,080 
7 Oii 5 21.0 4,500 3.9 1,150 
8 lii 10 5.0 107 0 ed 
9 Oiii 10 3.3 2,140 2.4 90 
10 0i 10 3.5 22,500 21.0 1,070 
Steam-girdledt 
11 0 0.5 0.8 735 0 — 
12 0i 5 4.9 273 0 _ 
13 01 10 6.0 120 4.0 _ 
14 0i 10 4.7 195 2.0 _ 


*There was no C" in the ethanol-insoluble residues, 
tFrom 5 to 8 cm below the primary node. 
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On the other hand, the roots of young (stage 0 and Oi) steam-girdled plants 
did not accumulate C™ as the time was increased from 30 seconds to 10 
minutes. It is concluded that rapid translocation of C™ occurs in both living 
and dead tissues. Since the stem tip and trifoliate leaf contained C™ even 
after 30 seconds (15) it is possible that the C™ that moved downward through 
the dead tissues (xylem) did not accumulate in the root but was carried by 
the transpiration stream into the tops of the plants. It is interesting to note 
that in normal plants the ratio of the total amount of C™ in the roots to the 
distance reached by the “‘slow’’ front is almost a constant. 

Tissue autoradiography was also used in an attempt to localize the different 
pathways of translocation. Because the resolution of the method with C'™ 
was about 25 yw (17) autoradiographs show the tissue but not the individual 
cells in which the products of photosynthesis were localized. From Fig. 2 
it can be seen that in 5 minutes the “slow” front of translocation had moved 
only part way down the stem. In a cross section of the stem of this plant 
taken between 0 and 1 cm below the primary node the C" was localized mainly 
in the phloem tissue (17, Fig. 3, C-D). Figure 5 isa cross section of the stem 
between 12 and 13 cm below the primary node (cf. ref. 17, Fig. 3, E-F, for other 
views of the same section) and clearly demonstrates the presence of C'™ in 
ihe pith, the xylem, and the cortex as well as in the phloem. It is concluded 
that the rapidly translocated C™ that passes a steam girdle was moving in the 
xylem. It cannot be decided whether the rapidly translocated C™ that did 
not pass a steam girdle was moving in the living cells of the cortex, pith, or 
phloem. 


The Form in which C¥ was Translocated 

The diffusion of C“O, through gas spaces in the stem followed by light or 
dark fixation of C™Oz: in cells of the stem could account for the small amounts 
of non-volatile C™ recovered. Gas diffusion might have been enhanced in 
the experiments since the concentration of C™Os, (0.15 to 0.3%) surrounding 
the treated leaf may have been higher than that within the plant. Also the 
gas in the polyethylene bag was under a slight positive pressure. 

Several experiments were carried out with plants having one primary leaf 
surrounded by a rigid lucite chamber (12). COs was supplied at atmospheric 
pressure, at concentrations differing by a factor of 10, and at specific activities 
differing by a factor of 40 as shown in Table III. Although the total C™ 
recovered from the stem was variable neither an increase in concentration 
nor an increase in specific activity increased the amount of C™ recovered. 
In addition, the pattern of distribution of C' in these seven plants was similar 
to that shown in Fig. 3. It is concluded that rapidly translocated C™ was 
not moved as C“O,.. From the poor correlation between specific activity 
of the CO, offered and the total C™ recovered from the stem it can also be 
concluded that the C™ fixed in the leaf was considerably diluted with C” 
before translocation down the stem. 

As further evidence that C™O, was not translocated as such, the following 
experiment was carried out with two plants. One primary leaf of each plant 
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PLATE I 


Fic. 5. Tissue autoradiograph of a transverse section 10 yw thick, taken from the stem 
of a soybean (Fig. 2, plant 2) 12 to 13 em below the primary node after 5 minutes photo- 
synthesis. Note the low background outside the tissue. Type NTB plate, phase contrast, 
exposure 3} months, X286. Ep—epidermis, C—cortex, En—endodermis, Ph—phloem, 
X—xylem, P—pith. 


Nelson et al.—Can. J. Botany 


s 
0 
F 
7 
y 
4 


s 

i 

— 
| 


NELSON ET AL.: TRANSLOCATION OF CARBON-14 1187 


TABLE III 


Effect of concentration and specific activity of C“O. on the amount of 
C* in stem between the primary node and the root 


(All plants were grown with nutrient solution I except 6 and 15 which were grown with 
nutrient solution II and water respectiveiy. Polyethylene bag was used 
for plants 4 and 15; lucite chamber for remainder) 


C4O2 
Total 

Translocation Specific cu Total C™ 
Plant Stage of time, Concentration, activity, fixed, in stem,* 
No. development sec % mec per mmole uc d.p.m. 
4 li 18 0.30 8.86 0.8 1,413 
15 I 18 0.30 38.5 735 
16 Oiii 35 0.03 8.86 4.7 235 
17 35 0.03 8.86 0.4 170 
6 Oii 30 0.03 38.5 a 260 
18 35 0.03 1.0 0.6 434 
19 li 35 0.15 1.0 0.8 1,971 


*There was no C¥ in the ethanol-insoluble residues. 
was treated with CO, in a polyethylene bag for 30 seconds. The whole 
plant was frozen in liquid nitrogen. The frozen lower stem was broken off 
and placed in a flask containing acidified 80% ethanol at the temperature of 
liquid nitrogen. The contents of the flask were distilled im vacuo over 1 N 
NaOH in a center well at room temperature for a period of 2 hours. Carrier 
carbonate was added to the alkali and precipitated with BaClh. There 
was no radioactivity in the BaCOs while the ethanol-soluble fraction of the 
stem contained several hundred d.p.m. 

Since only very small amounts of C' were rapidly translocated it was 
impossible to establish the chemical nature of the labelled compound or com- 
pounds. 


Discussion 


Three different kinds of downward translocation of photosynthetically 
assimilated C™ have been distinguished in soybean: (a) a “‘slow’’ translocation 
in the phloem, (6) a rapid translocation in the xylem, and (c) a rapid transloca- 
tion in living cells. It is possible that there are more than three kinds of 
translocation. Figure 5 shows that C"™ is present in cortex, phloem, xylem, 
and pith. It is not certain whether C™ was translocated downward from the 
leaf in cortex and pith or whether the C™ in these tissues originated by radial 
translocation after downward movement in some other tissue. Previous work 
(17) has shown that sucrose introduced through a cut petiole is translocated 
downward in the pith. Arisz (1) has pointed out that there may be as many 
kinds of translocation as there are different kinds of tissue. In addition, the 
fact that tissue autoradiographs taken from the stem at 1, 6, and 12 cm below 
the primary leaf all show about the same amount of C" in pith and cortex 
indicate that these tissues may be channels for translocation down the stem. 

The rapid translocation of C™ in the living tissues of the stem may be the 
most significant. The important factor is the total amount of carbon trans- 
located. This may be accomplished by a low velocity and a high concentra- 
tion as in mass flow (6, 11) or a high velocity and a low concentration as in 
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the present experiments. The connection between the accumulation in the 
stem and the accumulation in the root may be the sieve-tube element. 
Material moving in the sieve tubes may be accumulated by the surrounding 
cells to give the logarithmic distribution that has been so often reported. 
There is evidence from work with C™ (17) and with tritium (8) that the 
products of photosynthesis are localized mainly in the companion cells rather 
than the sieve tubes. ‘‘Slow’’ translocation should perhaps be interpreted 
as a movement of the ‘‘accumulation front”’ first in the companion cells and 
then in surrounding cells and not a movement in the sieve tubes. Further 
work needs to be done to definitely establish the localization of the translocated 
products of photosynthesis in the phloem at the cellular level. 

It is of interest to comment on the discontinuous pattern of radioactivity 
in the lower stem as seen in Fig. 3. Although there was “‘zero”’ radioactivity 
in some sections of the stem there may have been a small amount that the 
counting methods could not detect. In addition, some plants (Fig. 4) had 
no section of stem with ‘‘zero”’ radioactivity. The high points on these 
patterns may be caused by some cells in the stem accumulating C'™ faster 
than other cells. The high radioactivity in the phloem (Fig. 5) of the stem 12 
to 13 cm below the primary leaf (Fig. 2, plant 2) must be due to accumulation 
by these cells rather than translocation through them. Certainly, the section 
of stem 10 to 12 cm below the primary leaf would not have given ‘“‘zero”’ 
radioactivity if there had been such a high amount of C' in the phloem. 
On the other hand, the discontinuous pattern of radioactivity in the stem may 
truly reflect a discontinuous or ‘‘wave-like’’ translocation. 

Because of the high velocity and the nature of the distribution of C™ in 
the stem, the rapid translocation in either the xylem or the living tissue cannot 
be considered as a mass flow phenomenon. Only two known mechanisms 
could account for this rapid movement: (a) gas diffusion and (6) movement 
at an interface. 

Although it has been shown that CO, does not diffuse down the stem it is 
still possible that some gas originating in photosynthesis could move through 
the gas spaces of the stem and be converted to the non-volatile compound that 
was extracted with ethanol and counted. If this was the mechanism for the 
movement of both rapidly translocated components the unlikely assumption 
would have to be made that steam girdling destroyed the gas continuum in 
the stem for the component moving in living tissues while leaving unaffected 
the gas continuum for the other component. 

van den Honert (10) was the first to point out that the movement of material 
along a liquid-liquid interface may be important in translocation in plants. 
Although there is no evidence for a liquid-liquid interface this kind of mechan- 
ism may be operating at.a solid—liquid interface such as the wall surface of 
the xylem vessel. 

The movement of the excitation stimulus in Mimosa (3) is the only other 
phenomenon that has a velocity comparable to 5000 cm per hour. The veloc- 
ities of movement of the stimulus have been grouped as follows: ‘‘slow’’, 
900 to 3600 cm per hour; ‘‘medium’’, up to 12,000 cm per hour; and “‘fast’’, 
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up to 144,000 cm per hour. The minimum velocity obtained for photosyn- 
thetically assimilated C™ fits into the group of ‘“‘medium”’ velocities. Although 
Banerji et al. (3) comment that there can be no actual transport of active 
substance at these high velocities, the present experiments indicate that 
this may not be the case. 
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SOME SHORT-TERM EFFECTS OF INCREASED CARBON DIOXIDE 
CONCENTRATION ON PHOTOSYNTHETIC 
ASSIMILATION IN LEAVES! 


D. C. MorTIMER 


Abstract 


The photosynthetic assimilation of radioactive carbon dioxide by leaves from 
seven plant species was continuously measured in a closed system in which the 
concentration of carbon dioxide was abruptly increased from the atmospheric level 
to predetermined levels up to 2.0%. The rate of assimilation immediately 
increased, approximately proportional to concentration, but after about one 
minute began to decrease. The degree and duration of the decrease in rate of 
uptake varied with plant species and with concentration. This increased uptake 
of carbon dioxide influenced the distribution of carbon among the products of 
assimilation. At the lowest concentration (0.1%), serine, glycine, and glyceric 
acid contained most of the carbon assimilated during the experimental period, 
but at higher concentrations these were replaced by sucrose and alanine. 


Introduction 


In many of the experiments designed to study the products of photo- 
synthetic assimilation, C“O. is added to the atmosphere surrounding leaves 
enclosed in a relatively small volume (1, 5, 10, 14). The final concentration 
of carbon dioxide available to the leaves depends on the specific activity of 
the C"O, preparation and on the volume of the system. The rate of utilization 
of this carbon dioxide supply may be assumed to be the resultant of a number 
of factors including the plant species, the light intensity (3), and the carbon 
dioxide concentration (4). Although many investigations of the carbon diox- 
ide factor have been made (12, 13, 15, 16) the experiments were not designed 
to provide data from which the rate of carbon dioxide consumption by leaves 
in a restricted atmosphere can be calculated. 

in photosynthesis experiments of a few minutes duration, the leaves must 
be exposed abruptly to the atmosphere containing C'-enriched carbon diox- 
ide. If the leaves have been pre-illuminated in air, the transition can involve 
a change in carbon dioxide concentration of 10 to 100 times, depending on the 
amount and specific activity of the C“O, added. Such abrupt changes in 
concentration might be expected to have some effect on the amount of carbon 
dioxide assimilated. If the amount assimilated increased, an additional 
influence of carbon dioxide concentration on the pathways of photosynthetic 
carbon metabolism might also be expected. The rates of photosynthetic 
assimilation and the alterations in distribution of carbon among the products 
resulting from such assimilation in atmospheres of different carbon dioxide 
concentration were, therefore, studied in leaves from several plant species. 

1Manuscript received June 25, 1959. 
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Experimental 


The plants used in these experiments were: barley (Hordeum vulgare 
var. Brant), bean (Phaseolus multiflorus var. Scarlet Runner), cabbage 
(Brassica oleracea var. Danish Ballhead), cotton (Gossypium hirsutum var. 
Texas D-5), geranium (Pelargonium sp.), sugar beet (Beta vulgaris var. Klein 
Wanzleben), tobacco (Nicotinia tabacum var. Connecticut seed leaf). The 
plants were grown in the greenhouse during the winter months under con- 
ditions of regulated humidity and temperature. The sugar beet was main- 
tained on a 16-hour day with supplemental tungsten-filament illumination. 
Mature leaves were excised in the morning and used within 10 minutes. 

Illumination for the experiments was provided by a bank of four 150-w 
tungsten-filament flood lamps focussed through a 3-in. water filter to absorb 
the heat. Intensity was varied by regulating the supply voltage and was 
measured with a Weston photocell meter. 

The C" was in solution as sodium C'-carbonate (15 and 43% C") at a 
concentration of approximately 0.5 mc per ml.?, The CO, was liberated by 
adding an aliquot of the alkaline solution to a small volume of 10 N sulphuric 
acid. 


Measurement of Carbon Dioxide Uptake 

The apparatus (Fig. 1) was designed to measure and continuously record 
the level of C“O, in a known volume of air circulating through an illuminated 
transparent box containing a leaf. The units connected together in a closed 
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Fic. 1. Flow diagram of the assimilation apparatus. See text for details. 


circuit were: the Perspex photosynthesis box, capacity 65 ml (A), the circu- 
lation pump (B),’° the generating tube containing 10 N sulphuric acid (C), 
the ballast flask, capacity 1000 ml (D), the glass sampling chamber fitted 
over the end of a GM end-window counter tube (E),‘ the water scrub tower 


2Atomic Energy of Canada, Ltd., Ottawa. 

’Sigmamotor Rubber Tubing Pump, Schaar and Co., Chicago. 

4Counter tube connected to a Nuclear Monitor 1615B (Nuclear Chicago), driving an Ester- 
line-Angus chart recorder. 
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(F), and four solenoid valves (V). The valve switches were paired so that when 
Vi was open, Vz was closed and when Vs; was open, V4 was closed. With 
Vi and V3; open, the gas in the system flowed through the photosynthesis box, 
while with Ve and V, open, it bypassed the box and an auxiliary stream of 
fresh air was simultaneously drawn through the scrub tower, the box, and 
a second channel in the pump. The total volume of the system was 1500 ml 
and the rate of circulation was about 1000 ml per minute. The total volume 
could be changed by fitting different sizes of ballast flasks. 

At the beginning of a run, the valves were set in the bypass position and the 
pump was started. Sufficient radioactive sodium carbonate to give a full 
scale reading of 15,000 c.p.m. on the monitor was injected into the generator 
tube. While the liberated CO, was mixing with the air circulating through the 
system, a leaf was placed in the isolated photosynthesis box, the box was sealed, 
and the light intensity was adjusted to 1500 or 2000 ft-c. The apparatus was 
left in this condition for 5 minutes to adapt the leaf to the altered light con- 
ditions and to ensure proper mixing of the experimental gas mixture. The 
valve positions were then reversed so that V; and V; were open and the radio- 
active atmosphere was diverted through the photosynthesis box. The loss 
of CO, from the atmosphere as a result of photosynthetic assimilation was 
detected by the counter and continuously registered on the chart. The 30- 
second lag in the recording system was subtracted from the elapsed time. 
The rate of carbon dioxide uptake was calculated from the known total carbon 
dioxide in the 1500 ml and the per cent of the C“O. consumed during the first 
5 minutes. The uptake of C"O, was assumed to be proportional to the uptake 
of COs. 

In a series of preliminary experiments with this apparatus it was established 
that the rate of assimilation by freshly excised leaves was equivalent to that 
for leaves still attached to the plant. Leaves from the several species tested 
required up to 4 minutes to establish a detectably higher assimilation rate 
in response to an increase in light intensity but less than 30 seconds to respond 
to a decrease in light intensity. The maximum uptake rate for cabbage, cotton, 
geranium, sugar beet, and tobacco leaves was attained at approximately 
2000 ft-c. The uptake by barley leaves decreased above 1500 ft-c and was 
essentially constant with bean leaves between 1000 and 2000 ft-c. In the 
present series, the light intensity was therefore set at 2000 ft-c for the former 
group and at 1500 ft-c for the barley and bean leaves. No significance should 
be attached to the fact that the lower light intensity would be relatively richer 
in red wave lengths. Experiments not reported here showed that the distri- 
bution of C™ among products in red light was the same as that in white 
tungsten-filament light. 

Atmospheres with 0.5, 1.0, or 2.0% carbon dioxide were prepared by in- 
jecting the appropriate amount of unlabelled sodium carbonate solution into 
the generating unit immediately after the radioactive carbonate had been 
introduced. 
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Measurement of Assimilation Products 

The leaf was enclosed in a transparent Polyethylene bag. Gas was introduced 
into or withdrawn from the bag through a large-bore hypodermic needle at- 
tached to a 100-ml syringe. The C™O,. was generated in the barrel of the 
syringe by injecting 100 wc of radioactive carbonate solution through the 
needle orifice into the barrel, previously charged with 1 ml of 10 N sulphuric 
acid. The liberated gas was then diluted in air by extending the plunger to the 
100-ml mark. A 100-ye aliquot of the “15%-C™”’ sample contained enough 
carbon dioxide (established by titration) to raise the concentration in 100 
ml of air to 0.25%. The ‘43%-C™’ sample was estimated to have about 
one-third as much carbon dioxide, or an approximate final concentration 
in 100 ml of 0.1%. Where it was necessary to increase the total carbon dioxide 
concentration to 0.5, or 2.0%, the appropriate additional amount of unlabelled 
sodium carbonate solution was added to the 100 we of “15%-C™"” carbonate. 

The radioactive gas mixture was injected into the bag after the enclosed 
leaf had been preilluminated 5 minutes at the light intensity previously 
mentioned. One series of experiments with sugar beet leaves received a 30- 
second exposure. A second series involving leaves of three species had an 
exposure time of 5 minutes. At the end of the exposure time, the leaf was 
ground under liquid nitrogen and extracted with hot 80°) ethanol.  Pro- 
cedures for extraction, chromatography, and analysis of the chromatograms 
have been described (5). 

Results 

The curves in Fig. 2 illustrate the effect of different quantities of air con- 
taining carbon dioxide at the same initial concentration of 0.033°% on the 
course of photosynthetic assimilation by sugar beet leaves. In each case the 
leaves reduced the carbon dioxide concentration to about 0.005°% in a time 
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Fic. 2. Assimilation of carbon dioxide with time by sugar beet leaves (50 cm? in area) 
from different volumes of air containing an initial carbon dioxide concentration of 0.033%. 
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proportional to the amount available. This initial portion of the uptake 
curve could be plotted as a first-order function of carbon dioxide concentration. 
Carbon dioxide uptake did, however, continue as a slow, non-first-order 
process for an additional 20 to 30 minutes (not shown in Fig. 2) until the level 
was reduced to about 0.0007%. This equilibrium or threshold value was 
estimated from the amount of C' remaining in the system and checked by 
observing that a small amount of C™O:, added at this time was rapidly and 
completely assimilated. 

When the initial concentration of carbon dioxide was 0.5, 1.0, or 2.0% the 
assimilation patterns were more complex. The curves for the four species in 
Fig. 3 show that there was no lag in uptake following the transition from the 
preillumination concentration of 0.03% to the higher experimental values. 
The initial uptake was rapid and roughly proportional to concentration but 
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Fic. 3. Assimilation of carbon dioxide with time from air containing different initial 
carbon dioxide concentrations. The leaf area in each case was about 50 cm*, 
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after a few minutes, assimilation often decreased to a low rate, then gradually 
increased. The duration and degree of the slow phase was variable and seemed 
to depend as much on the characteristics of the individual leaf as on the 
concentration factor. The curves shown were derived from the average of at 
least three determinations at each concentration for each species. 

Although the uptake curves at the higher concentrations were usually 
irregular, they did provide data for estimating the amount of carbon dioxide 
which leaves could be expected to assimilate under experimental conditions. 
Rates of uptake calculated from the initial assimilation gave values for a 
transient phase which was not, in general, representative of the average 
amounts assimilated over several minutes. The values in Table | were, 
therefore, arbitrarily calculated from the total uptake during the first 5 
minutes of photosynthesis in the experimental atmosphere. The assimilation 
values at the atmospheric level varied between 6 and 11 mg of CQOz: per sq. 
dm per hour. This rate was increased by factors between about 10 and 20 
when the concentration of carbon dioxide was increased to 2%. The species 
studied showed variable responses to the treatment. The rate of uptake by 
barley leaves was erratic above 0.5% and that by bean leaves reached a 
maximum around 1.0% carbon dioxide. The other species probably assimi- 
late even greater amounts at higher concentrations. 


TABLE I 


Influence of carbon dioxide concentration on the rate of 
photosynthetic assimilation by detached leaves* 


Initial carbon dioxide concentration (vol. [%) 


0.03 0.5 1.0 2.0 
Mg CO:/hr/dm? 


Barley 7 26 30-40¢ 30-40¢ 
Bean, scarlet runner 7 51 83 83 
Cabbage 11 63 86 105 
Cotton 9 32 52 98 
Geranium 7 45 61 97 
Sugar beet 11 58 67 130 
Tobacco 6 37 88 132 


*Determined by measuring the rate of disappearance of COs from a closed system. 

The effect of changing the concentration of carbon dixoide in the photo- 
synthesis atmosphere on the products of assimilation was studied with leaves 
of sugar beet, barley, and scarlet runner bean, following 30 seconds and 5 
minutes photosynthesis. In 0.1% carbon dioxide, the major products of 
30 seconds photosynthesis by sugar beet leaves were the phosphate ester 
group, serine, glycine, and glyceric acid (Table II). When a source of C“O, 
having a lower specific activity was used, the atmosphere contained about 
0.25% carbon dioxide, and the products of 30 seconds photosynthesis were 
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TABLE II 
1ed Distribution of C among the ethanol-soluble products 
h of 30 seconds photosynthesis by sugar beet leaves in 
the air containing different carbon dioxide concentrations 
at — 
Initial carbon dioxide concentration (vol. %) 
lly 0.1 0.25 
ide © 
Compound % total ethanol-soluble 
ns. = 
ra Sucrose 5 21 
awe Phosphate esters* 40 39 
As Glyceric acid 13 2 
re, Glucose 1,2-phosphate 2 6 
5 Aspartic acid 3 
‘ Glycine-serine 28 9 
ion Alanine 3 15 
s Malic acid > 3 
be Others 2 3 
20 
‘ies *This fraction includes phosphates of glyceric acid, pyruvic acid, and several uni- 
dentified substances which yield radioactive glucose and traces of other sugars on hydro- 
by lysis. About one third of the fraction was phosphoglyceric acid in both cases. 
a 
ni- TABLE III 
Distribution of C'* among the ethanol-soluble products of 5 minutes. photosynthesis by 
detac med | leaves in air containing different carbon dioxide concentrations 
Initial carbon dioxide concentration (vol. %) 
0.25 0.5 1.0 2.0 
% total ethanol-soluble C™ 
Scarlet runner bean 
Sucrose 39 35 50 60 
Phosphate esters* 5 14 4 5 
Glyceric acid 12 9 8 5 
Glucose-1,2-phosphate 1 2 2 2 
Aspartic acid 1 — — 1 
Glycine, serine 34 32 31 21 
Alanine 2 4 3 4 
Malic acid 2 1 1 1 
Sugar beet 
Sucrose 52 52 73 76 
Phosphate esters* 10 14 7 13 
Glyceric acid 4 4 3 4 
Glucose-1,2-phosphate 2 3 2 2 
Aspartic acid 7 3 1 
Glycine, serine 10 16 7 2 
Malic acid 9 3 2 1 
Barley 
to Sucrose 65 70 75 74 
yes Phosphate esters* 5 5 7 8 
is Glyceric acid 2 2 1 2 
Glucose-1,2-phosphate 1 1 1 1 
of Aspartic acid 1 1 1 2 
fer Glycine, serine 23 16 6 3 
Alanine 1 3 5 7 
Oz Malic acid 1 1 — 
ut *This fraction was predominantly unidentified substances yielding radioactive glucose and traces of other sugars 
‘re on hydrolysis. A small proportion of phosphoglyceric and phosphopyruvic acids was present. 
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markedly altered. The phosphate ester group contained about the same pro- 
portion of the C“ as before, but sucrose and alanine replaced serine, glycine, 
and glyceric acid as the major products. A similar shift in C™ distribution was 
observed with all three species over a wider range of carbon dioxide concen- 
trations following the 5-minute period of photosynthesis. The data in Table 
III show that increasing the carbon dioxide concentration favored the con- 
version of an increased proportion of the assimilated C™ into sucrose and a 
decreased proportion into serine and glycine. The proportion incorporated 
into alanine increased while that in malic acid decreased in those species which 
produced significant amounts of these compounds. 


Discussion 


The uptake rates measured in this study apply particularly to the special 
situation obtained when leaves are confined to a fixed volume of air for a 
relatively short experimental period. The curves in Fig. 2 illustrate that 
the rate of uptake from air decreased as the carbon dioxide supply decreased. 
These data do, in fact, show an apparent first-order dependence on carbon 
dioxide concentration until the concentration is reduced to about 0.005%. 
These data lead to a conclusion similar to that proposed by Bonde (4), that 
at carbon dioxide concentrations near that of air (assumed 0.03%) with 
optimum light intensity, photosynthesis by sugar beet leaves is controlled by 
the carbon dioxide available. It is proposed, in addition, that the over-all 
assimilation process functions as a first-order system until the carbon dioxide 
concentration is reduced below 0.005%. The apparent threshold value 
attained in these experiments (0.0007%) was much lower than the threshold 
concentration of 0.009% reported by Gabrielson (6). Although the detection 
system recorded only the disappearance of COs, there could not have been 
a significant dilution by CO, evolved by the leaf. The small aliquots of 
CQO, added to the system after the apparent carbon dioxide concentration 
had been reduced below 0.001% would not have been completely assimilated if 
the total carbon dioxide actually present was higher than 0.001%. A photo- 
synthesis chamber of 150-ml volume containing air would have about 0.1 mg 
of carbon dioxide, which, from the curves in Fig. 2, would provide carbon 
dioxide for a sugar beet leaf to carry out first-order photosynthesis for about 
one minute, although assimilation at a very slow rate would continue for several 
minutes more. 

If the carbon dioxide concentration is increased to provide more substrate 
and therefore make longer experiments possible, some interesting aberrations 
in uptake curves are observed. The curves in Fig. 3 show that the uptake of 
carbon dioxide varies from species to species also with carbon dioxide con- 
centration and with the interval of exposure to the increased concentration. 
In all cases, the rate of uptake decreased after a few minutes assimilation. 
Several of the curves illustrate a marked decrease in rate, the extreme being 
an apparent absence of uptake by tobacco leaves for about 4 minutes at the 
1% level. The cabbage and bean leaves were apparently saturated with 
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respect to carbon dioxide at a concentration near 1%. Among the factors which 
might be considered to account for the irregularities in the uptake curves 
are depletion of carbon dioxide supply, variations in light intensity and tem- 
perature, stomatal movements, and ‘biochemical capacity’’. 

While the decrease in rate of assimilation at the initially atmospheric con- 
centration can be related to concentration, the available carbon dioxide 
at the higher levels greatly exceeded the utilization. The atmosphere contained 
15, 30, and 60 mg of carbon dioxide at the 0.5, 1.0, and 2.0% levels, respectively. 
Cabbage leaves, in air containing 0.5% carbon dioxide, utilized the greatest 
proportion of the supplied carbon dioxide, but after 10 minutes only 5 mg or 
one third of the carbon dioxide had been consumed. All of the species examined, 
with the possible exception of tobacco, assimilated smaller proportions of 
the available carbon dioxide as the initial concentration increased. Thomas 
and Hill (13) showed that under field conditions, and over longer periods 
of photosynthesis, sugar beet plants doubled the apparent assimilation when 
the concentration was increased by a factor of 2.5 to 2.7. The highest con- 
centration employed in that study was, however, only 0.3% carbon dioxide, 
and it is possible that on a long-term basis the plants used in the present 
study could adapt to utilize the higher concentrations more effectively. 

The light intensities chosen for this study were those which gave the maxi- 
mum uptake rates at the atmospheric concentration. With the water filter 
between the lights and the leaf, no increase in temperature (27° C) at the 
leaf surface was detected until the intensity reached at least 2500 ft-c. Because 
the rate of assimilation decreased and increased in a single experiment with- 
out change in light intensity, there did not seem to be a direct connection be- 
tween the light intensity or temperature and the fluctuations in assimilation 
rates. 

The evidence correlating photosynthetic assimilation of carbon dixoide 
with stomatal opening is inadequate (7, 8, 11), but for the purposes of the 
present argument it will be assumed that the ability of a leaf to assimilate 
carbon dioxide is at least restricted if the stomata are closed (11). It has been 
shown that depletion of the carbon dioxide concentration below the atmospheric 
level promotes opening (7). The effect of increasing the carbon dioxide con- 
centration has been tested only over a limited range, and the induced tendency 
toward stomatal closure may be cancelled by increasing the light supplied (7). 
Loss of moisture from the leaf also favors the closing movement (7). Because 
the atmosphere of the closed system used in the present series of experiments 
was saturated with respect to water vapor, it is unlikely that any rapid 
changes in turgor of the leaf could occur. Since the leaves did assimilate 
carbon dioxide, the stomata must have been at least partly open. If the large 
reductions in uptake were due to stomatal constriction, none of the existing 
theories for stomatal movement would explain the subsequent increase in 
assimilation (Fig. 3). While stomatal movements in this system probably 
occurred in some of the species studied, no basis for dependence of rate of 
assimilation on such movement could be found in the literature studied. 
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The distribution of C“ among the products of 30-second and 5-minute 
photosynthetic intervals is markedly altered by changes in carbon dioxide 
concentration. The trend toward an increased proportion of C" being directed 
into sucrose with increasing carbon dioxide was observed at both intervals. 
At the lowest concentration tested, which was still three times the atmos- 
pheric level, the prominence of sucrose was displaced by serine, glycine, and 
glyceric acid. The results of the short-term experiments (Table II) suggest 
the existence in the sugar beet leaf of more than one pathway for the assim- 
ilation of carbon (9). If serine, glycine, glyceric acid, and alanine were 
offshoots from a single pathway leading to sucrose and the regeneration of the 
carbon dioxide acceptor (2), then an increase in amount of carbon assimilated 
should affect all components of the system in the same direction. In this 
series, however, the proportion of radioactivity in sucrose and alanine in- 
creased at the expense of the radioactivity in the other three compounds. 
In the 5-minute series this pattern was overshadowed by the normal accumu- 
lation of carbon in sucrose with increasing time, but the trend was still evident. 
The proportion of C'* recovered in phosphoglyceric acid and the other phos- 
phate esters as a group was not changed in the short-term experiments. In 
the longer experiments these compounds contained a relatively small pro- 
portion of the C™ because they did not accumulate. 

The abrupt transitions in carbon dioxide concentration used in these experi- 
ments in imitation of many other similar photosynthesis experiments appar- 
ently. disturb the balance of enzymatic syntheses in the leaf. The larger 
quantities of carbon assimilated are apparently channeled preferentially 
into the pathway leading to sucrose. It is conceivable, therefore, that the 
observed changes in rate of uptake are caused by saturation of the sucrose 
pathway with a resultant blockage of uptake for an interval long enough to 
permit the onward metabolism of accumulated intermediates. The proportion 
of C* in serine and glycine in the bean leaf was initially much higher than in 
either beet or barley leaves, and the proportion was not reduced as much by 
increasing carbon dioxide. In addition, the proportion in sucrose in the bean 
after 5 minutes photosynthesis was lower. These data suggest that the bean 
leaves did not have the “biochemical capacity’’ to synthesize sucrose rapidly. 
This suggestion may, in turn, be related to the observed relatively low rates 
of carbon dioxide assimilation by bean leaves at increased levels of carbon 
dioxide. 

These observations have a bearing on the design and interpretation of 
photosynthesis experiments with leaves. An illuminated leaf may utilize 
most of the available carbon dioxide in a few minutes when confined to a 
relatively small volume. The data in Table I permit the estimation of that 
time interval for several species. If the duration of a particular photosynthesis 
experiment must be extended beyond the time for exhausting the carbon 
dioxide, additional carbon dioxide should be provided by increasing the volume 
of the system rather than increasing the carbon dioxide concentration. The 
increased rate of assimilation at the higher concentration could still reduce 
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the supply too rapidly, and the increased concentration would certainly 
alter the distribution of C'* among the products. The responses of different 
species to carbon dioxide concentration, with respect to both rate of assimilation 
and mode of metabolism, may be significantly different. Each species under 
investigation should, therefore, be tested to determine the effects of the con- 
centration factor on the particular variable being studied. 


Acknowledgment 
The excellent technical assistance of Mrs. Helena Wong is gratefully 
acknowledged. 
References 

1, Aronorr, S. and VERNON, L. P. Metabolism of soybean leaves. I. The sequence of 
formation of the soluble carbohydrates during photosynthesis. Arch. Biochem. 28, 
424-439 (1950). 

2. BassHaM, J. A. and CALvin, M. The path of carbon in photosynthesis. Prentice-Hall, 
Inc., New York. 1957. 

3. BOHNING, R. H. and Burnsipe, C. A. The effect of light intensity on rate of apparent 
photosynthesis in leaves of sun and shade plants. Am. J. Botany, 43, 557-561 (1956). 

4. Bonpe, E. K. The influence of carbon dioxide concentration upon the rate of photosyn- 
thesis in Sinapis alba. Physiol. Plantarum, 5, 298-303 (1952). 

5. Burma, D. P. and Mortimer, D. C. The fate of assimilated CO. in the sugar beet leaf 
studied by displacement with C"O,. Can. J. Biochem. and Physiol. 35, 835-843 
(1957). 

6. GABRIELSON, E. K. Threshold value of carbon dioxide concentration in photosynthesis 
by foliage leaves. Nature, 161, 138 (1948). 

7. Heatu, O. V. S. Light and carbon dioxide in stomatal movements. Encyclopedia of 
plant physiology. Vol. XVII. Edited by W. Ruhland. Springer-Verlag, Berlin. 
1959. pp. 415-464. 

8. KETELLAPPER, H. J. The mechanism of stomatal movement Am. J. Botany, 46, 225-231 


(1959). 


. Mortimer, D. C. Evidence for an alternate pathway in photosynthetic assimilation. 


Naturwiss. 45, 116-117 (1958). 


. NEwbBurGH, R. W. and Burris, R. H. Effect of inhibitors on photosynthetic fixation 


of carbon dioxide. Arch. Biochem. Biophys. 49, 98-109 (1954). 


. Scartu, G. W. and SHaw, M. Stomatal movement and photosynthesis in pelargonium. 


I. Effects of light and carbon dioxide. Plant Physiol. 26, 207-225 (1951). 


. STEEMAN NIELSEN, E. Experimental carbon dioxide curves in photosynthesis. Physiol. 


Plantarum, 5, 145-159 (1952). 


. Toomas, M. D. and Hix, G. R. Photosynthesis under field conditions. In Photosynthesis 


in plants. Edited by J. Frank and W. E. Loomis. Iowa State College Press, Ames, 
Iowa. 1949. pp. 19-52. 


. Totpert, N. E. and Garey, F. B. Carbon dioxide fixation by etiolated plants after 


exposure to white light. Plant Physiol. 30, 491-499 (1955). 


. Raprnowitcnu, E. I. Photosynthesis and related processes. Vol. II. Part I. 1951. pp. 


886-898; Part II. 1956. pp. 1886-1901. Interscience Publishers, Inc., New York. 


. WuittincHam, C. P. Rate of photosynthesis and concentration of carbon dioxide in 


Chlorella. Nature, 170, 1017 (1952). 


. 
> 
; 


, 
; 
| 
2 
{ 
# 


1203 


TWIN OVULES IN PRUNUS AVIUM L.! 
GEORGE W. EATON 


Abstract 


Twin ovules, not previously reported for Prunus, occurred in from 5 to 12% 
of Windsor sweet cherry pistils. Rarely, twin seeds have been observed in mature 
fruits of other genera. The conclusions of earlier workers that twin seeds arise 
through fusion or fission of ovules or nucelli are not supported by the present 
study. Reg ardless of whether neither, one, or each ovule was a twin, two ovules 
were present in every fruit examined. Observ ations on the ovule dev elopment 
in Prunus avium indicate that twin ovules arise by the differentiation of separate 
nucelli in a single ovule primordium. 


Introduction 


In several discussions of polyembryony the occurrence of twin ovules has 
been mentioned. Most of these reports are based on studies of mature seed 
or germinating seedlings and deal mostly with plants having many-seeded 
fruits or fruits with a variable number of seeds. So far as the author is 
aware, twin ovules have not to date been reported in Prunus. Accordingly, 
the author was interested to observe a number of twin ovules during a study 
of the megagametophyte in Prunus avium (2). As ovules were collected for 
the study of megasporogenesis and megagametogenesis, twin ovules were 
observed at an earlier stage of development than previously, and further 
evidence on the origin of the phenomenon is now available. 


Literature Review 


Maheshwari (6) and Webber (9) in reviews of polyembryony and Gustafsson 
(3) in a discussion of apomixis have mentioned fusion of ovules or of two or 
more nucelli. Webber (9) made the statement that in Gossypium plural 
seedlings derived from fused ovules are fairly common but he did not present 
any evidence to indicate this was their origin. Marshall (7), in a study of 
polyembryony in the tomato, concluded that certain double seeds may arise 
by either fusion or fission of ovules but pointed out that without embryological 
studies their real origin cannot be proved. Howard (4) observed two types 
of twin seeds at maturity in Brassica oleracia L. and attributed both to the 
fusion of ovules. Kondo and Isshiki (5) attributed twin ‘‘embryos”’ in rice 
to fusion of two fruit buds in the same flower, but evidently they were 
referring to double caryopses and their report is not pertinent to the occurrence 
of twin ovules. The occurrence of twin ovules in Fragaria grandiflora is 
strongly implied by the report of Solnsteva (8). Dermen (1) often found 
twin ovules in Malus hupehensis, an apomict. He did not, however, mention 
fusion of ovules or speculate on the origin of the twin ovules he observed. 


1Manuscript received June 19, 1959. 
Contribution from the Horticultural Experiment Station, Vineland Station, Ontario. 
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Materials and Methods 


The material was collected for a cytological study of the rate and course of 
development of the megagametophyte and prepared in appropriate methods 
described elsewhere (2). This study required the collection and examination 
of a large number of ovules before, at, and at intervals following anthesis. 
It is in these collections that twin ovules were observed. Anthesis in sweet 
cherry is here considered to be the relatively short interval between the 
exposure of the stigma and full expansion of the flower. 


Observations and Discussion 


In the sweet cherry, two ovules are present at anthesis, but at about this 
time one ovule begins to degenerate and the cherry pericarp usually contains 
only one seed. A primary ovule developed in the usual manner is illustrated 
in Fig. 1. 

TABLE I 


Proportion of Windsor and Vista sweet cherry pistils which contained a twin primary ovule 


Windsor 


- — Vista, 
1957 1958 1958 
Number; of pistils examined 72 339 89 
Number of pistils with twin primary ovule 5 43 0 
Percentage of pistils with twin primary ovule 5.6% 12.7% 0.0% 


The data in Table I show that more twin primary ovules were present in 
Windsor pistils in 1958 than in 1957 and that in 1958 none were observed in 
the Vista variety. The collections were made from young Windsor trees at 
Columbus, Ohio, in 1957 and from old Windsor trees at Vineland Station, 
Ontario, in 1958. Average maximum and minimum daily temperatures 
during bloom were 20 Fahrenheit degrees higher in 1957 than in 1958. In 
view of these and other variables it is not surprising that the proportion of 
twin primary ovules in Windsor variety differed during the two years. The 
fact that none was observed in the Vista variety strongly implies that there 
exists a varietal difference in the expression of this phenomenon. 

Both twin secondary and twin primary ovules were observed but, as the 
secondary ovule rarely if ever forms a seed in Prunus avium, counts were made 


Fics. 1-6. All X66. Figs. 1-5 were collected 2—6 days after anthesis, Fig. 6 several 
days before anthesis. Fig. 1. Primary ovule developed in the usual manner, showing 
micropyle, integuments, nucellus, and embryo sac. Fig. 2. Twin ovule with two micro- 
pyles, and unequal nucelli each surrounded by integument. A non-median section 
through the secondary ovule is also shown. Fig. 3. Twin ovule with two micropyles, 
and approximately equal nucelli each surrounded by integument. A functional embryo 
sac is shown on the left and the polar nuclei are in this section. Fig. 4. Twin ovule with 
one micropyle. The approximately equal nucelli are not separated by integument and 
on the right an embryo sac is shown in this section. Fig. 5. Primary ovule similar to 
that of Fig. 2. The section through the secondary ovule is median. Fig. 6. Carpel 
containing an ovule primordium with distinct nucellar initials separated by initials of 
integuments. Twin ovules of the type illustrated in Figs. 2 and 5 would probably arise 
in this manner. 
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only of twin primary ovules. The author does not consider it probable that 
twinning was of more frequent occurrence in one type of ovule than in the 
other. 

Although the plane of sectioning was at random and it was difficult to 
find sections depicting the type of twin observed, several of these are illustrated. 
Most twin ovules (Fig. 2) had two distinct micropyles and nucelli, and each 
nucellus was bounded by integuments. Usually one nucellus was much 
smaller than the other and contained no embryo sac (Figs. 2,5). Occasionally 
both nucelli were of approximately equal size (Fig. 3), and rarely each nucellus 
contained a functional embryo sac. 

One primary ovule was a twin of a somewhat different sort. This ovule 
(Fig. 4) had only one micropyle, and one normal outer and inner integument 
surrounded two equally developed nucelli, each with its own embryo sac. 

In pistils where a twin ovule was observed a second ovule was always 
present (Figs. 2, 5) and occasionally each of the two ovules was a twin. It is 
clear, therefore, that the twins did not arise by fusion of the two previously 
existing ovules. Fission or the division of one ovule into two, in the opinion 
of the author, appears highly unlikely. 

A more probable explanation for the origin of twin ovules is that from the 
earliest differentiation of tissue in the ovule primordium, separate nucellar 
initials are formed. If integument initials bound each, then twins like those 
in Figs. 2, 3, and 5 could result; on the other hand, in the event that no 
integumentary tissue is differentiated. between the nucelli then a twin like 
that in Fig. 4 could result. If the nucellar initials in the primordium are not 
differentiated equally, ovules like those illustrated in Figs. 2 and 5 could 
result, whereas if separate but equal nucellar differentiation occurs, then twins 
like those in Figs. 3 or 4 would be more probable. 

Figure 6 illustrates an ovule primordium in a pistil collected several days 
before anthesis. This ovule would probably have given rise to an ovule 
similar to those twins illustrated in Figs. 2 and 5. The ovules illustrated 
in Figs. 1 to 5 inclusive were collected 2 to 6 days after anthesis. 
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INHERITANCE OF THE TYPE OF SOLID STEM IN 
GOLDEN BALL (TRITICUM DURUM) 


II. CYTOGENETICS OF THE RELATION BETWEEN SOLID STEM AND 
OTHER MORPHOLOGICAL CHARACTERS IN HEXAPLOID F; LINES 
OF A HYBRID WITH RESCUE (T. AESTIVUM)! 


Rusy I. LARSON 


Abstract 


Cytogenetic analysis of selected F; lines of the pentaploid hybrid, Rescue 
(Triticum aestivum L. emend. Thell.) X Golden Ball (7. durum Desf.) showed 
that chromosome XVI is the member of the D genome of Rescue that prevents 
transfer of the more solid top culm internode of Golden Ball to hexaploid 
segregates. It also produces a lax spike. Chromosome XX, which is the 
D-genome chromosome mainly responsible for the hollowness of hollow-stemmed 
hexaploids, probably has little effect in Rescue. Long awns were associated 
with low chromosome number but not with stem solidness or dense spike; 
therefore, the chromosome that suppresses awn development is probably 
not XVI. 

Three 42-chromosome segregates from the cross were niore solid in the top 
internode than Rescue, presumably because of segregation of genes in the 
A and B genomes. It is unlikely, however, that a fully hexaploid segregate with 
a top internode as solid as that of Golden Ball can be selected from this hybrid. 


Introduction 


Results to the end of the /’s generation (2) showed that the solid top culm 
internode of the hybrid Rescue, Triticum aestivum L. emend. Thell., by 
Golden Ball, 7. durum Desf., was associated with durum-like general mor- 
phology and short mean rachis internode length. There was no relation 
between solid bottom internode and spike density or Golden Ball morphology. 
Some increase in solidness of the top internode of 7. aestivum-like segregates 
over that of Rescue was achieved through selection. The increase in solidness 
was considered to be due to segregation of genes in the A and/or B genomes. 
The association of the Rescue type of pith distribution with 7. aestivum 
morphology suggested that the D genome of Rescue affects stem solidness. 

To find out whether solid-stemmed Fy, lines were fully hexaploid, and to 
what degree the Golden Ball type of solidness had been transferred, and 
whether the amount and distribution of pith were associated with chromo- 
some number and morphological characters, /’; lines derived from the best 
F line were studied. This paper deals with the analysis of these F; lines. 


Materials and Methods 


Two F; lines of the hybrid Rescue X Golden Ball combined a high propor- 
tion of pith in the top internode with 7. aestivum-like morphology. The 
more vigorous and uniform one was chosen for cytogenetic study. As green- 
house conditions give the most severe test of pith stability, the test was 
made in the greenhouse during the winter of 1949-50 at Lethbridge. 

‘Manuscript received June 3, 1959. 


Contribution from Crop Insect Section, Canada Agriculture Research Station, Lethbridge, 
Alberta. 
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Six plants of the F, line were selected for progeny tests. Rescue, Golden 
Ball, and the progeny of these six plants were sown in a randomized block 
arrangement with 10 replicates. A single plant in a 1-gal crock was treated 
as a plot. 

Chromosomes were counted at first meiotic metaphase and anaphase of the 
pollen mother cells on 50 of the 58 hybrid plants that survived, and on a few 
of the parental checks. For comparison, chromosome counts were made on 
the F; in the summer of 1950.' To determine the identity of the missing 
chromosome in a nullisomic plant found in the /;, chromosome counts were 
made on the hybrid between the nullisomic and a plant that was disomic 
for a telocentric chromosome XVI.* The cross was made at the University 
of Missouri during the winter of 1950-51, and chromosomes of the hybrid 
were counted in the summer of 1951 at Lethbridge. Individual anthers 
were fixed in Farmer’s solution and iron-aceto-carmine squash preparations 
were made from them. 

Morphological observations and measurements were recorded for all well- 
developed culms of each plant to a maximum of three per plant. Plants 
were classified for awning as 1 for awnletted, 2 for short-awned, and 3 for 
long-awned in terms of awning in 7. aestivum. The numbers were used for 
recording purposes with ordinal but not proportional quantitative tmplications. 
Mean rachis internode length was calculated by dividing the length of the 
rachis in millimeters by the number of spikelets less one. Glume pubescence 
and ‘‘squarehead”’ were recorded as present or absent. 

The index of stem solidness in each culm was determined as in the F, 
population (2). As a single plant represented a plot, three culms per plant 
were examined when present. The number of lower internodes was much 
less constant than in field-grown crops, so the indices of these internodes 
were averaged. 

Data on solid stem index of the top internode and mean of lower internodes 
were analyzed by analysis of variance to determine differences among the 
hybrid lines and between them and the parental varieties. All characters 
of the combined F; hybrid lines were tested for association by means of 
chi-square. For this purpose quantitative characters were divided into arbi- 
trary categories. Mean rachis internode length was divided into eight classes 
of .5 mm difference in length, ranging from 2.0 to 5.9 mm. The class interval 
for stem solidness of the top internode was 1 with a possible range from 
3.0 to 15.0, and an observed range of 7.0 to 15.0. The possible range for 
bottom internodes was 1 to 5. The class interval for mean solid stem index 
of the bottom internodes was .5 with an observed range of 2.0 to 5.0. 

Calculations were also made separately for ‘‘squarehead”’ and non-‘‘square- 
head” portions of the populations. Comparisons were made between “‘square- 
head” and non-‘‘squarehead”’ segregates. Associations were determined 
for other characters within these two classes of plants. Associations between 


3This disomic telocentric XVI was obtained through the courtesy of Dr. E, R. Sears, 
U.S.D.A. and University of Missouri, Columbia, Missouri, U.S.A. 
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two discrete characters were tested by chi-square, between a discrete and 
a quantitative character by a (t-test for group comparisons, and between two 
quantitative characters by the correlation coefficient r. 


Experimental Results 


The solid stem test of F; lines selected from the F, line showed that the 
F; lines were intermediate between Rescue and Golden Ball (Table 1). The 
hybrid lines did not differ among themselves in solid stem index of the top 
internode, but differed very significantly from both parents. The same was 
true of the bottom internodes in all lines but variety 8, which was more 
solid than its sister selections and indistinguishable from Golden Ball. As 
this line was not different from the others cytologically, and as it was segre- 
gating for all other characters, the data for all lines were pooled for most 
of the studies of association. Variety 4 was omitted from calculations of 
associations between ‘‘squarehead”’ and pubescent glume as it was not 
segregating for either. 


TABLE I 


Solid stem indices of F; lines selected for solid stem from 
an F, line of Rescue X Golden Ball 


Mean of total Mean of mean 

solid stem indices, solid stem indices, 

Variety top internode bottom internodes 
1 (Rescue) 8.15 2.88 
2 (Golden Ball) 15.00 4.50 
3 11.80 3.59 
+ 12.85 3.81 
5 12.75 3.88 
6 11.95 3.88 
7 12.30 3.83 
8 12.60 4.31 
41 46 
L.S.D. 1% 1.87 62 


Note: The F value for varieties exceeded the 1% point for both sets of data. The F value for 
plots was not significant. 


The chi-square test showed some consistent associations (Table 11). Solid 
stem was associated with low chromosome number, ‘‘squarehead”’, and short 
rachis internode length. ‘‘Squarehead”’ and short rachis internode length 
were associated with one another, and both with low chromosome number. 
Long awns were associated with low chromosome number and short rachis 
internode but not with ‘“‘squarehead”’. There was a tendency for the complex 
of four chromosomes to occur most frequently in plants with the lower 
chromosome numbers. 

A comparison between ‘‘squarehead”’ and non-“squarehead”’ portions of 
the population is given in Table III. The ‘‘squarehead’’ plants had more 
solid culms, shorter rachis internodes (a morphological relation), and one 
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TABLE II 


Chi-square test for association of characters in an F; population of the cross 
Rescue X Golden Ball selected for solid stem and Triticum aestivum morphology 


Degrees of Chi- Direction of 
Characters tested freedom square _ association 
Solid stem (top) & solid stem (bottom) 42 99. 36* + 
& awn length 14 4.02 0 
& pubescent glume 7 7.38 0 
& chromosome number 28 43.94* - 
& complex of 4 chromosomes 7 7.88 0 
& squarehead 7 19.77°* 
& rachis internode length 42 67.18** - 
Solid stem (bottom) & awn length 12 14.94 0 
& pubescent glume 6 5.57 0 
& chromosome number 20 33:55* _ 
& complex of 4 chromosomes 5 8.89 0 
& squarehead 6 
& rachis internode length 42 84.02** -- 
Awn length & pubescent glume 2 14 0 
& chromosome number 8 16..33" 
& complex of 4 chromosomes 2 4.87 0 
& squarehead 2 1.42 0 
& rachis internode length 14 25 .90* 
Pubescent glume & chromosome number 4 5.67 0 
& complex of 4 chromosomes 1 .0016 0 
& squarehead 1 0 
& rachis internode length 7 18.24** = 
Chromosome number & complex of 4 chromosomes 4 9.78* _ 
& squarehead 4 23.42" 
& rachis internode length 24 54.16** a 
Complex of four 
chromosomes & squarehead 1 .93 0 
& rachis internode length 6 $.42 0 
Squarehead & rachis internode length 7 33 .45*° - 


fewer chromosome than the other plants. Awn length, pubescent glumes, 
and the complex of four chromosomes were distributed in the same proportions 
within the two groups. This shows that although awn length was associated 
with low chromosome number the chromosome responsible is not the same 
one that differentiates ‘‘squarehead” from non-‘‘squarehead”’ plants. 

Within the group of ‘‘squarehead”’ segregates a number of characters 
were associated, but within the non-‘‘squarehead” group only the solid stem 
indices of top and lower internodes were related (Table IV). In the portion 
of the population that was ‘“‘squarehead”’ a short rachis internode, low chromo- 
some number, and a solid top internode were consistently associated and 
may be assumed to be the result of the same event. Long awns were associated 
with low chromosome number but not with the other characters; therefore 
they are probably not causally related to the “‘squarehead”’ group of characters. 
Although the correlation of stem solidness with rachis internode length was 
not significant in the non-‘‘squarehead” part of the population, the correlation 
was positive, culms bearing spikes with the longest rachis internodes being 
most solid. This may be merely an expression of vigor, but it contrasts 
with the relation in the ‘‘squarehead” group. 
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Evidence points to the loss of a chromosome, presumably of the D genome, 
being responsible for ‘‘squarehead’’ and associated characters. Nullisomic 
analysis suggests that it might be XVI. Sears (8) described nullisomic XVI 
as follows: ‘‘Culms short. Leaves narrow. Spikes short, very dense, fre- 
quently bent and twisted’. Monosomic XVI in Chinese Spring is dense 
and more strongly ‘‘squarehead”’ than normal; monosomic XVI in S-615 (3), 
which normally has a tapered spike, is ‘“‘squarehead”’, indicating that the loss 
of chromosome XVI shortens the rachis internodes, especially at the top of 
the spike. 

Cytological evidence supports the hypothesis that the ‘‘squarehead”’ 
plants in this F; population were monosomic or nullisomic for chromosome 
XVI. The chromosome numbers of the hybrids ranged from 38 to 42 
(Table V). Three normal and two nullisomic plants were found, one of the 
latter fitting exactly Sears’ description of nullisomic XVI (Fig. 1). Progeny of 
this plant, all of which had 20 pairs of chromosomes, were crossed with a 
plant disomic for telocentric XVI. If the missing chromosome of the nulli- 
somic were XVI, the resulting hybrid should have had a chromosome count 
of 20” and 1’ (telocentric); if it were any other chromosome the count of 
the hybrid should have been 19” and 1” (heteromorphic) ) and 1’ (normal). 
The actual count was 20’ and 1’ (telac entric), indicating that the nullisomic 
lacked a pair of chromosomes XVI. ‘‘Squarehead”’ plants in the F, therefore, 
were probably monosomic or nullisomic for chromosome XVI. 

Nineteen of the 50 F; plants examined cytologically had a complex of four 
chromosomes at first meiotic metaphase in the pollen mother cells (Tuble V). 
The F of Rescue X Golden Ball showed typically 12” and 1” and 7’ instead 
of the expected 14” and 7’ (Fig. 2). The complex of 4 is interpreted as due 
to a reciprocal translocation of two chromosomes of Golden Ball with respect 
to their homologues in the A and/or B genomes of Rescue. Had a D-genome 
chromosome of Rescue been translocated with respect to a chromosome of 
the A or B genome, the expected meiotic metaphase configuration would 
have been 13” and 1’” and 6’. The complex of 4 in the F; was probably due 
to heterozygosity for this translocation. The segregates that lacked the 
complex of 4 were homozygous for either the Rescue or the Golden Ball 
structural chromosome homologies. Presence of the complex was not asso- 
ciated with any character except low chromosome number. However, 
this does not mean that the chromosomes involved in the supposed trans- 
location are not concerned with stem solidness; heterozygotes tend to be 
intermediate and would not likely show associations. But it does show 
that the complex is not a tetrasomic for a chromosome promoting solidness 
that might have been preserved under selection pressure if it had appeared 
in earlier generations. 


Fic. 1. Spike of ‘“squarehead” nullisomic. 

Fic. 2. First meiotic metaphase in a pollen mother cell of the Fi of Rescue X Golden 
Ball. The chromosome constitution is 12” and 1” and 7’. 

Fic. 3. Cross sections of stems of Rescue, Golden Ball, and some of their F; hybrids 
in order of decreasing solidness. GB is Golden Ball; N is the “squarehead” nullisomic; 
4, 8, and 6 are 42-chromosome hybrids; R is Rescue. 
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Loss of chromosome XVI was not the only factor influencing stem solidness, 
as the three F; plants with the complete D genome (Fig. 3) were more solid 
than Rescue. Since there was no evidence in the F; that the D genome in 
these plants had been altered from that of Rescue, the increased solidness 
was interpreted as due to segregation of genes in the A and/or B genome. 

Loss of two D-genome chromosomes other than XVI did not affect stem 
solidness. Table II] shows that some non-‘‘squarehead”’ plants had as few 
as 39 chromosomes. Thus, they were monosomic for three different chromo- 
somes or nullisomic for one and monosomic for another, although they had 
the pair of chromosomes XVI. But, as the non-‘‘squarehead”’ portion of the 
population showed no association between solid stem and chromosome 
number (Table IV), these two or three chromosomes do not carry genes 
affecting stem solidness. 


Discussion 


The loss of chromosome XVI is the cause of the ‘‘squarehead”’ character, 
which is an expression of short rachis internodes, especially near the apex 
of the spike. In principle, the increased solidness of the top culm internode 
of the ‘‘squarehead”’ portion of the population could be due to the failure 
of the deficient-XVI plants to elongate normally. But F2: hybrids of mono- 
somic XVI of Chinese Spring and S-615 (1) were no more solid than the normal 
F,. Mono-XV1 in S-615 was less solid in the top internodes than normal 
S-615 (3) and the degree of solidness of the top compared with the lower 
internodes was not related to differential elongation of different portions of the 
culm (4). Therefore it may be concluded that chromosome XVI of Rescue 
possesses a gene or genes inhibiting pith production, especially in the top 
internode, unlike chromosome XVI of S-615, which promotes pith production 
in the top internode. 

At least two of the D-genome chromosomes in Rescue do not affect stem 
solidness, since no association was found between chromosome number 
and stem solidness in the non-‘‘squarehead”’ portion of the population. How- 
ever, other D-genome chromosomes of Rescue may inhibit pith development 
as do chromosomes XIX, XX, and XXI of S-615 (1, 3). This may not 
have been detectable in the greenhouse, where conditions are adverse to pith 
production. 

Investigation of other pentaploid hybrids with Golden Ball suggests that 
chromosome XVI in hollow-stemmed varieties of wheat also tends to make 
the culm hollow, as solid stem was associated with dense spike and white 
seeds (7). Either chromosome XVI of hollow-stemmed varieties carries a 
stronger allele for hollowness than chromosome XVI in Rescue does, or 
other chromosomes of the D genome also inhibit pith; otherwise, some fairly 
solid-stemmed lines should have come from the hybrid. Matsumura (6) 
and Yamashita (9) found that chromosome e (XX by Sears’ nomenclature) 
produced a hollow culm when added to a plant, the A and B genome of which 
would otherwise have produced a solid culm. Calculations from data of 
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hybrids of T. aestivum X T. durum backcrossed to T. durum by Yamashita (9) 
and 7. spelta X T. polonicum backcrossed to T. polonicum by Matsumura (5) 
showed that all 35-chromosome plants and 82% of the 34-chromosome plants 
were hollow. If two chromosomes produced hollowness independently, all 
34- as well as 35-chromosome plants should have been hollow. Thus, either 
chromosome XVI in their hexaploids did not make the culms hollow, or the 
conditions under which the plants were tested were not sufficiently detrimental 
to development of solidness for the effect of chromosome XVI to be expressed. 

The 42-chromosome F; segregates were more solid than Rescue. As they 
have the D genome of Rescue their increased solidness is due to segregation 
for genes in the A and B genomes. Hollow-stemmed segregates appeared 
in the F, (2), indicating that genes for solidness in the A and B genomes 
of Rescue and Golden Ball are not allelic. This is plausible, as at least eight 
chromosomes of the series I to XIV affected stem solidness in the cross 
Chinese Spring X S-615 (1) and the monosomics of S-615 (3). 

It appears that increased knowledge of the location and action of genes 
for stem solidness could lead to production of hexaploid wheat with stems 
more solid than those at present known. Further selection from the 42- 
chromosome segregates of the F; lines of Rescue X Golden Ball may increase 
stem solidness, but will probably not produce a wheat with stems as solid 
as those ef Golden Ball. 
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ENZYMIC ACTIVITIES OF 
SUBCELLULAR PARTICLES FROM LEAVES 


IV. PHOTOSYNTHETIC PHOSPHORYLATION AND PHOTOSYNTHESIS 
BY ISOLATED CHLOROPLASTS FROM PEA LEAVES'! 


R. M. SMILuie? AND G. KRotTKOV 


Abstract 


Chloroplasts were isolated in 0.35 M NaCl from green pea leaves. Such prep- 
arations formed ATP photosynthetically from AMP or ADP and inorganic 
phosphate. The conditions and cofactors of this reaction were studied. The 
rates of photosynthetic phosphorylation by isolated pea chloroplasts were 
compared with photosynthetic phosphorylation by spinach chloroplasts and 
with photosynthesis by intact pea leaves. The isolated pea chloroplasts also 
photosynthetically fixed carbon dioxide. The possible roles of chloroplasts and 
mitochondria in cellular phosphorylations are discussed. 


Introduction 


Two major mechanisms are present in green leaves for the synthesis of 
ATP,’ photosynthetic phosphorylation (8) and oxidative phosphorylation 
(26). Photosynthetic phosphorylation is localized in the chloroplasts (6). 
Fractionation studies (28,29) of both etiolated and green pea leaves have shown 
that the mitochondria are the site of oxidative phosphorylation in the cell, 
and are quite distinct in this respect from the plastids, which do not carry 
out oxidative phosphorylation. Similar observations have been made for other 
green leaves by Arnon et al. (6, 9) and James and Das (20). 

In certain green leaves such as spinach (9), silver beet (10), and tobacco 
(19), it has not been possible to demonstrate mitochondrial activity comparable 
to many non-green plant tissues. Arnon (7) has concluded that in such 
tissues the resources of the photosynthetic cell for producing ATP by oxidative 
phosphorylation are meager. He has suggested (7) that photosynthetic 
phosphorylation may operate as a direct energy source not only for CO, 
fixation but also for synthetic processes such as the synthesis of glutamine, 
protein, and fat. 

From a number of studies made on the enzymic activities of particulates 
isolated from pea leaves (25-29), it was evident that the oxidative and phos- 
phorylative activities of mitochondria from green pea leaves were comparable 
with the activities of mitochondria isolated from other parts of either normal 

1Manuscript received July 29, 1959. 
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Be used in this paper: AMP for adenosine-5-phosphate; ADP for adenosine-5- 

diphosphate; ATP for adenosine-5-triphosphate; chl. for chlorophyll; F MN for flavin mononu- 
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or etiolated pea plants. In this paper the results of determinations on the 
photosynthetic activity of isolated pea leaf chloroplasts are given. From these 
studies, it has been possible to compare the photosynthetic activity of a tissue 
such as pea leaf, which has a strong oxidative metabolism, with that of a 
tissue such as spinach leaf, in which the mitochondrial system is apparently 
functionally less important. 


Materials and Methods 


Leaves were harvested from pea plants (Pisum sativum var. Laxton’s 
Progress) raised under greenhouse conditions. For the initial experiments, 
the leaves were harvested from 20- to 30-day-old plants. 

Chloroplasts were isolated from pea leaves in 0.35 M NaCl according to 
the method of Arnon et al. (9). These preparations are referred to as isolated 
chloroplasts. They are not necessarily equivalent to intact chloroplasts as 
they exist in the cells (30). 

Photosynthetic phosphorylation by isolated pea chloroplasts was deter- 
mined in Warburg flasks using the method of Arnon et al. (9). The reaction 
was stopped by turning off the lights and adding 0.2 ml of 40% perchloric 
acid from a side arm. The decrease in inorganic phosphate in the reaction 
mixture was ascertained by a colorimetric determination (3). Dark. controls 
were routinely included, but the uptake of inorganic phosphate in the dark 
was nearly always negligible. 

Photosynthesis by intact pea leaves was determined manometrically 
by measuring the oxygen production during illumination (after correction 
for respiration (33)) at 13.5° C. The COs concentration was maintained at 
1% by the use of a COs buffer (21). One milliliter of 4 1 diethanolamine con- 
taining 0.1% thiourea, previously saturated with 1° CQO, in air (21), was 
distributed in the center well and the two side arms of a Warburg flask. The 
leaves were placed in the main compartment of the flask adaxial surface down. 
Fluted filtered paper was placed in the center well and side arms and the 
vessels were flushed with 1% COs in air for 20-30 minutes. After 15 minutes 
for temperature equilibration, readings of respiration or photosynthesis were 
commenced. The light intensity at the leaf surface was approximately 1500 
ft-c. 

Photosynthesis by isolated chloroplasts was determined according to Allen 
et al. (1). The uptake of C“O, was measured in Warburg flasks at 13.5° C for 
15 minutes. The flasks were flushed initially with nitrogen for 6 minutes and 
the reaction was started by tipping 20 uc of NaHCO; (0.2 uM) from the 
side arm of the flask and turning on the lights. 

Arnon’s (5) procedure was used for chlorophyll determinations. 


Results 


Photosynthetic Phosphorylation 
Isolation media.—While dilute buffer or glucose solutions have been used 
for the preparation of chromatophores from photosynthetic bacteria (4, 16), 
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TABLE I 


The effect of the isolation medium on the rate of photosynthetic 
phosphorylation by isolated chloroplasts from pea leaves 


Photosynthetic phosphorylation, 


Isolation medium used uM P/mg chl./hr 
0.35 M NaCl 4.0 
0.5 M sucrose* 2.4 
Water* 0.9 


Nore: The reaction mixture contained NaCl (0.12 mM), Tris buffer pH 
7.2 (20 uM), potassium phosphate (5 uM), MgCle (S AMP (7.5 
potassium ascorbate (5 uM), FMN (0.05 uM), and menadione (0.015 4M). 
Final volume 1.5 ml. Temperature 15° C. 
*NaCl omitted from reaction vessels. 
0.35 M NaCl has been the preferred medium for the isolation of the more 
complex chloroplasts from higher plants (8). Table I shows the light-dependent 
phosphorylations by pea chloroplast preparations isolated in 0.35 M NaCl, 
0.5 M sucrose, or water. The best rates were obtained by using the NaCl 
solution. 

Anaerobiosis.—Whatley et al. (34) have found that illuminated spinach 
chloroplasts phosphorylate more rapidly in nitrogen than in air. The absence 
of oxygen also enhanced the photophosphorylation of Chromatium chromato- 
phores (4). Isolated chloroplasts from pea leaves exhibited a similar phenom- 
enon (Table II). For all subsequent measurements of photosynthetic phos- 
phorylation, nitrogen was employed as the gas phase. 


TABLE II 


The effect of anaerobiosis on the rate of photosynthetic 
phosphorylation by isolated chloroplasts from pea leaves 


Photosynthetic phosphorylation, 
Gas phase uM P/mg chl./hr 


Air Z.2 
3.2 


iNe 


Norte: Reaction mixture as in Table I. 


Cofactors.—The compounds found by Whatley et al. (11, 34) to act as 
cofactors for photosynthetic phosphorylation by spinach chloroplasts, namely 
Mgt+ ions, ascorbic acid, FMN, vitamin K, and AMP, all increased the rate 
of light-dependent phosphorylation by isolated pea chloroplasts (Table III). 
Ascorbic acid could be partially replaced by either reduced or oxidized glu- 
tathione. Cysteine and dehydroascorbic acid were inhibitory. 

Phosphate acceptors.—Both AMP and ADP were found to act as phosphate 
acceptors for photosynthetic phosphorylation by isolated pea chloroplasts. 
Deoxyadenosine-5-phosphate (5 uM/ml) showed a slight activity. The 
following were inactive: ATP, a mixture of adenosine 2 and 3 phosphates, 
a mixture of guanosine 2 and 3 phosphates, guanosine-5-phosphate, uridine-5- 
phosphate, and inosine-5-phosphate. The latter three phosphates (5 “#M/ml) 
were also inactive as phosphate acceptors in the presence of a small amount 


of AMP (0.1 wM/ml). 


‘ 
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TABLE III 


Cofactor requirements for photosynthetic phosphorylation by isolated chloroplasts 
from pea leaves 


Photosynthetic 
phosphorylation, 


— Ascorbate 

— Ascorbate + reduced glutathione 
— Ascorbate + oxidized glutathione 
— Ascorbate + cysteine 

— Ascorbate + dihydroascorbate 


Experiment Reaction mixture uM P/mg chl./hr 

1 Complete 6.2 
— MeCh 24 

— Ascorbate 

— Menadione 3.4 

— FMN 4.6 

— AMP 0.8 

2 Complete 6.8 

6.5 

| 


Nore: Reaction mixture as in Table I except for the following additions where noted: reduced glutathione 
(5 oxidized glutathione (2.5 uM), cysteine (5 and dihydroascorbate (5 uM). 


ATPase.—The presence of an active ATPase in the leaf preparations 
would result in the breakdown of ATP formed during photosynthetic phos- 
phorylation, yielding low values for the latter. Table IV shows measurements 
of ATPase activity made on chloroplast preparations isolated in either sucrose 
or NaCl media. Although a slight ATPase activity was detected, it was too 
low (less than 2 wg P/mg chl./hour in the assay system) to interfere with the 
photosynthetic phosphorylation measurements. 

Photosynthetic phosphorylation and leaf age-—The experiments cited above 
were done with fully expanded leaves from 3- to 4-week-old pea plants. 
It was later found that higher photosynthetic phosphorylation activities were 
obtained from leaves harvested at an earlier stage of their development. 
Table V shows photosynthetic phosphorylation activities of isolated chloro- 
plasts obtained from leaves harvested from pea plants of different ages. In 
general, the age of the plants may be taken as an approximate index of the 
average physiological age of the leaf samples. As the age of the leaves increased, 
there was a decrease in the photosynthetic phosphorylation activity of their 
isolated chloroplasts. 


TABLE IV 


ATPase activity of isolated chloroplasts from pea leaves 


ATPase activity, 


Preparation Isolation medium used ug P/mg chl./hr 
1 0.35 M NaCl 0.84 
2 0.5 M sucrose 1.08 
3 


0.5 M sucrose 1.86 


Nore: Reaction mixture contained potassium ATP (3 mg), Tris buffer pH 7.2 (20 uM), MgCle (5 uM), and 
chloroplast preparation. Final volume 1.5 ml. Temperature 15°C. The ATPase activity was estimated by the 
rate of formation of inorganic phosphate in the reaction mixture. 
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The maximum rate of phosphorylation.—By choosing pea leaves of an earlier 
age and by slightly modifying the assay procedure, it was possible to obtain 
rates of phosphorylation of 40-50 uM P/mg chl./hour (Table VI). These 
values were about double the earlier values reported for isolated spinach 
chloroplasts (9, 34) using a similar assay system. Avron ef al. (13) have 
recently obtained rates of photosynthetic phosphorylation up to 200 uM 
P/mg chl./hour with spinach chloroplasts supplemented with a chloroplast 
extract. The assay system used by these workers was modified by using ADP 
as the phosphate acceptor and by carrying out the reaction of pH 8.0. 
Similarly Arnon and co-workers (2, 12) have measured rates of 300-500 uM 
P/mg chl./hour with a combination of broken chloroplasts and chloroplast 
extract. Values of 200-300 uM P/mg chl./hour were obtained with isolated 
pea chloroplasts if the reaction was carried out at pH 7.8 with ADP as the 
phosphate acceptor (Table VI). The addition of a chloroplast extract was 
not required to demonstrate these high rates of phosphorylation. Hence it 
appears that the ability of isolated pea chloroplasts to photosynthetically 
convert ADP to ATP is comparable with spinach chloroplasts. The highest 
photosynthetic phosphorylation activities which have been reported for 


TABLE V 


Photosynthetic phosphorylation by chloroplasts isolated from 
the leaves of pea plants of different ages 


Age of plant from 


germination, Photosynthetic phosphorylation, 
days uM P/mg chl./hr 
9 27.0 
11 24.4 
12 
20 17.4 
21 16.3 
25 13.8 
27 
28 9.9 


Note: Reaction mixture as in Table 1. 


TABLE VI 


Rates of photosynthetic phosphorylation by isolated chloroplasts from pea leaves 


Age of plants from Photosynthetic 
germination, pH of | Phosphate phosphorylation, 
days medium acceptor Cofactors uM P/mg chl./h 

7 Ascorbate, FMN, menadione 47 

9 Ascorbate, FMN, menadione 40 

10 7.8 ADP Ascorbate, FMN, menadione 272 

11 7.8 ADP Ascorbate, FMN, menadione 240 

10 7.8 ADP PMS 645 

11 7.8 ADP PMS 540 


Note: Reaction mixture contained NaCl (0.35 mM), Tris buffer (40 4M), MgCle (5 4M), potassium phosphate 
(11.3 4M), AMP or ADP (7.5 4M), PMS (0.075 4M) or potassium ascorbate (5 4#M), FMN (0.05 uM), and 
menadione (0.015 4M). Final volume 2.0 ml. Temperature 13.5° C. 


i 
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spinach chloroplasts range between 500 and 900 uM P/mg chl./hour (18). 
These values were obtained by replacing the ascorbate, FMN, and menadione 
in the reaction mixture by PMS. The rate of photosynthetic phosphorylation 
by pea chloroplasts was more than doubled in the presence of PMS (Table VI). 

The rates of photosynthetic phosphorylation and photosynthesis.—In Table 
VII the rates of photosynthetic phosphorylation using ADP as the acceptor 
for phosphate in the presence of ascorbate, FMN, and vitamin K are zompared 
with the actual rates of photosynthesis of pea leaves measured at the same 
temperature and with an identical light source. The pea leaves were approxi- 
mately at the same stage of development as the leaves which were used for 
the photosynthetic phosphorylation measurements (Table VI). Assuming 
the ATP requirement for photosynthesis to be 3 moles of ATP per mole of 
CO, assimilated or mole of O2 produced (14), then the requirement for ATP 
during photosynthesis could theoretically be met by photosynthetic phos- 
phorylation. 


TABLE VII 


Rates of photosynthesis and photosynthetic 
phosphorylation in pea leaves 


Pea leaf photosynthesis 2000 ul O2/mg chl./hr 


= 89 uM O2/mg chl./hr 
ATP requirement for photo- 267 uM ATP/mg chl./hr 


synthesis (assuming ATP:O. 
ratio of 3) 
Capacity of ATP production 200-300 uM ATP/mg chl./hr 
by pea chloroplast material 
(see Table VI) 


Note: Photosynthesis was measured in the presence of 1% COs using leaves 
from 11-day-old pea plants. Temperature 13.5° C. 


Photosynthetic CO, Fixation by Isolated Chloroplasts 

By using CQO, it has been possible to show that isolated spinach chloroplasts 
can fix CO, photosynthetically (8), although the rates of fixation are consider- 
ably less than the rates of photosynthetic phosphorylation shown by similar 
preparations (17). Isolated pea chloroplasts also fixed significant amounts of 
CO, in light (Table VIII). Substitution of the NaCl by 0.5 7 sucrose in the 
isolation medium and the reaction mixture resulted in a reduced CO, uptake. 
A similar decrease was obtained if MnCl. was replaced by MgCl. in the re- 
action mixture. Spinach chloroplasts which were prepared and assayed in an 
identical manner were less active than pea chloroplasts. The products of 
CO, fixation by pea chloroplasts were shown by paper chromatographic 
analysis to include many of the known intermediates of photosynthesis. 

The total photosynthetic fixation of C“OQ., by pea chloroplasts varied 
considerably from preparation to preparation. The plastids appeared to be 
injured very easily during grinding and centrifugation. Variations in the 
standard isolation procedure invariably led to lowered activities except in one 
instance. Here the chloroplasts were released by simply crushing the leaves 
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TABLE VIII 


Photosynthesis by isolated chloroplasts from pea leaves 


Light 
Time, or fixed 
minutes dark X 10 d.p.m./mg chl. 
2,3 L 87 
5 L, 214 
15 L 580 
30 L 790 
30 D 6 


Note: Reaction mixture contained NaCl (1.05 mM), Tris buffer pH 7.4 
(40 uM), (2 potassium ascorbate (10 4M), and NaHCO; (0.2 uM 
containing 20 yc). Final volume 3.0 ml. Temperature 13.5° C. 


with a Carver press. The chloroplasts were isolated as usual by low-speed 
centrifugation and resuspended in cell supernatant which had been freed of 
chlorophyll containing material by high-speed centrifugation at 25,000 g 
for 15 minutes. Such preparations showed about the same activity as chloro- 
plasts prepared in 0.35 M NaCl. Recent evidence (30) indicates that the final 
activity of the isolated chloroplast preparations is conditioned by the consider- 
able loss of enzymes associated with CO, fixation, which occurs during their 
preparation. 


Discussion 


A comparison of the results of the present investigation with those previously 
published on the enzymic activities of isolated particulates from pea leaves 
(25-29) show that: 

1. Isolated pea chloroplasts have very active photosynthetic mechanisms 
and in this respect are comparable with spinach chloroplasts (2, 13). 

2. Mitochondria isolated from green pea leaves (26, 27, 29) are comparable 
in number and activity with mitochondria isolated from etiolated pea leaves 
(28) and from other growing parts of the pea plant (25). They are indeed 
among the most active mitochondria which have been isolated from plant 
tissues in their capacity for oxidative phosphorylation. The higher activities 
of mitochondria from pea leaves as compared with the activities of spinach 
and tobacco mitochondria are probably due in part to the age and rate of 
development of the leaf material studied, as well as to species differences 
(cf. ref. 29). 

The presence of an additional source of ATP formed in chloroplasts during 
illumination does not necessarily mean the suppression of oxidative mech- 
anisms in the leaves. It is hence thought unlikely that the resources of photo- 
synthetic phosphorylation directly supplement cellular ATP (other than in the 
chloroplasts) and become available to extra-plastid cytoplasmic activities 
such as protein and fat synthesis. For instance it has been shown that glycine- 
C* is incorporated into Acetabularia protein, notably into the microsome 
protein, at a rate which is unaffected by light (15). 


| 


1224 CANADIAN JOURNAL OF BOTANY. VOL. 37, 1959 


Alternatively, respiratory phosphorylations probably contribute little, 
if any, of the energy requirements of the plastids, except perhaps in the early 
stages of their development. As has been suggested by Arnon (7), photosyn- 
thetic phosphorylation may provide ATP for processes other than carbo- 
hydrate production from COs, and in this capacity it may directly meet the 
energy requirements of the plastid for protein synthesis, etc. This is all the 
more likely since chloroplasts have no other known sources of ATP production 
(6, 7,9, 10). Thus, if Acetabularia is fed C“Os rather than glycine-C", it is 
incorporated into protein at greatly increased rates in the light and this 
incorporation is mainly into the chloroplastic protein (15). Similarly Nichi- 
porovich (23) has demonstrated a light-dependent incorporation of CO, 
into the chloroplastic protein of tobacco leaves. These experiments directly 
implicate photosynthesis with protein synthesis in the chloroplast. 

A barrier to the transfer of energy at the ATP level between chloroplasts 
and the cytoplasm might be the well-defined chloroplast membrane which 
has frequently been observed in electron microscope studies (22, 24, 32). 
This membrane appears to be impermeable to organic phosphates (31). 
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THE EFFECTS OF DISODIUM VERSENATE ON THE ROOTS 
OF TOMATO SEEDLINGS! 


R. G. H. CorMACK 


Abstract 


This paper describes the effects produced by the metal-chelating reagent 
disodium versenate on the epidermal cells of living tomato roots. Striking 
abnormalities characterized by the disconnection or separation of every epidermal 
cell and by the suppression of root-hair production were consistently observed. 
The present study confirms the earlier observation that the epidermal cells of 
tomato roots are all of the “long-cell type’. Individual differences in behavior 
of epidermal cells are based on differences in ability to incorporate calcium into 
their elongating walls. 


Introduction 


A simple and convenient method of studying the development and growth 
of root epidermal cells is to subject seedling roots to a variety of culture 
solutions designed to bring about chemical changes in the elongating cell walls. 
In experiments of this kind the suitability of the experimental material is of 
first importance. The writer has found the roots of Brassica seedlings most 
satisfactory. Not only do they form abundant hairs in tap water (4), but 
also the differentiation of the epidermis into alternating rows of long and 
short cells makes them particularly interesting in studying the development 
of root hairs (4, 7). The long cells vacuolate much earlier and to a greater 
extent than the short cells, and at maturity are about four times as long. 
Under most conditions the long cells are hairless while the short cells produce 
the hairs. Difference in behavior between long and short cells have been 
attributed to differences in cell acidity, metabolism, and food supply (4, 7). 

Brassica seedling roots were used to good advantage in the recent exper- 
iments with the metal-chelating reagent disodium versenate? (8). The 
general effect of this solution was to greatly reduce root-hair production and 
to cause striking abnormalities in the epidermal layer. The long cells were 
most affected, becoming either widely separated from each other or swollen 
and distorted. This was particularly true in the same region where the short 
cells formed papillae or short hairs. In contrast, the short cells maintained 
their normal arrangement in even rows and only occasionally were they 
found to be swollen and deformed. The effect of the solution was attributed 
to the chelation of the calcium ions before they could combine to form calcium 
pectate in the elongating epidermal cell walls. The immediate cessation of 
abnormalities and the sudden development of long hairs when the treated 
roots were removed to a calcium solution strongly support this assumption. 
This conclusion, together with the conflicting evidence as to the role of pectic 
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substances in elongating cell walls (7, 9, 10, 12), suggested that similar exper- 
iments with disodium versenate should be carried out with another kind of 
seedling plant. 

The results reported here concern the effect of dilute solutions of disodium 
versenate on the roots of tomato seedlings. Roots of this plant were selected 
because unlike that of Brassica species the epidermis is not differentiated into 
long- and short-cell rows (5). Although the epidermal cells vary in length 
over different regions of the root they appear to be all of one kind and any 
cell may forma hair. Because of their length and highly vacuolated condition 
at an early stage in their development, it was suggested that they correspond 
to the long cells of the Brassica epidermis. The relatively poor development 
of root hairs in tap water and extreme sensitivity to changes in pH substan- 
tiated this viewpoint (5, 6). 

The purpose of this investigation was to obtain further evidence concerning 
the aciion of disodium versenate on roct epidermal cells. Since the Jong cells 
of the Brassica epidermis were more influenced by disodiuin versenate thau 
the short cells and since all the cells of the tomato epidermis are consiciered 
to be of the “‘long-cell type’’, even more striking abnormalities couli be 
expected. 


Materials and Methods 


Seedlings of tomato (Lycopersicum esculentum Mill.) were germinated on 
filter paper and grown in dilute disodium versenate with controls in tap water, 
using methods already described (8). As customary, a dozen seedlings were 
grown in tap water for about 10 hours before transfer to the culture solution. 
At the end of the treatment period the roots were measured and examined 
under the microscope. The usual procedure was to examine only half the 
roots and to transfer the float bearing the remainder to another beaker 
containing tap water or a calcium solution. 


Observations and Conclusions 


Observations made of control roots confirm those of earlier studies that 
hairs are sparsely developed in tap water (5). Moreover, the appearance of 
control roots is not uniform. Marked variability occurs from root to root 
under the same conditions and from one area to another on the same root. 
In some roots there is a scattering of short hairs and papillae over the whole 
surface from tip to tip, in other roots regions of papillae and short hairs 
alternate with hairless regions, and in others the epidermis is hairless or 
practically hairless over its entire length. As viewed under the microscope, 
any cell may form a hair and there is a mingling of papillae and hairs of 
varying length in the mature region (Fig. 1). Whether hairless or haired 
the surface was always even and never were the epidermal cells swollen or 
disconnected. 

In the present study it was found possible to grow tomato seedlings in 
standing solutions of 0.020% to 0.030% disodium versenate made up with 


7 
4 
4 
ag 
| 


CORMACK: DISODIUM VERSENATE 1229 


tap water at a pH of 7 to 8. At the end of 36 to 48 hours the roots measured 
15 to 25 mm in length, and had a white healthy appearance. The general 
effect of the solution was to suppress or to inhibit completely the development 
of hairs and to produce marked abnormalities in the epidermal layer. That 
the action of the solution took place while the epidermal cells were actively 
elongating was clearly indicated by the fact that the upper part of the root 
that had developed in tap water before immersion in the culture solution 
remained unchanged. Individual variations were exhibited by the roots, but 
here again as in the experiments with Brassica seedlings (8) it was possible 
to classify treated roots into three categories based on root-hair development: 
roots that were completely hairless from the top to the tip, roots with alter- 
nating hairless regions and regions of papillae and short hairs, and roots with 
a thin scattering of papillae over their whole length. However, in experiments 
where the most striking abnormalities were produced the roots tended to be 
much more uniform in appearance. The startling abnormal appearance of 
the epidermis of this kind of treated root is shown in the freehand drawings, 
drawn to scale (Figs. 2 and 3). Such roots were completely hairless over 
their entire length and represent the most abnormal roots observed during 
ihe investigation. Nearly every epidermal cell was disconnected from 
adjoining cells in some manner. Some were attached only at one end with 
the other end erect, some were bow-shaped with both ends tree, while others 
were separated from the root completely leaving the cortical cells exposed at 
intervals (Figs. 2 and 3). That the free separated cells were apparently still 
alive was evidenced by the healthy appearance of the cytoplasm and the 
normal shape and condition of the nucleus. Some roots were affected by the 
solution to such a marked degree that the whole root surface represented a 
fantastic ‘‘mess”’ of disconnected and completely separated cells. The fact 
that all the cells in these roots are either disconnected or separated strengthens 
the opinion expressed earlier that the epidermal cells are all alike and that 
they belong to the ‘“‘long-cell type’’.. On the other hand, in those roots that 
showed a scattering of papillae and short hairs the condition of the epidermis 
was quite different. Here, no disconnection or separation of epidermal cells 
occurred. However, almost every adjacent epidermal cell that did not 
produce a papilla or short hair was found to be swollen and variously mis- 
shapened (Figs. 4 and 5). Swelling was attributed to differences in cell wall 
plasticity between hairless and hair-forming cells, the more plastic outside 
wall of the hairless cell bulging out when its side and end walls were held in 
place by the more stable cementing layer provided by the hair-forming cells. 
In this case the swollen hairless cells are considered to correspond to those 
cells of the control roots that are only capable of producing a papilla in tap 
water (Fig. 1). 

As in earlier experiments with Brassica roots (8), removal of treated roots 
to a mildly alkaline saturated solution of calcium sulphate always resulted 
in marked recovery characterized by the immediate development of long 
hairs. Recovery also occurred when treated roots were transferred to tap 
water, but because the tap water was usually strongly alkaline, root-hair 
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Fics. 1-5. A few rows of epidermal cells from control and treated roots. The apex 
of the root is toward the bottom of the page in each figure. 150 

Fic. 1. Control root grown in tap water showing undifferentiated type of epidermis 
and mingling of hairs and papillae. Hairs measure from papillae to 300 yu. 

Fics. 2-3. Hairless type of root grown in a 0.025% solution of disodium versenate 
showing disconnection or complete separation of every epidermal cell. N.B. No swelling. 

1Gs. 4-5. Type of root grown in a 0.025% solution of disodium versenate showing 

development of papillae and short hairs and marked swelling of hairless cells. Hairs 
measure from papillae to 75 yw. N.B. No disconnected epidermal cells. 
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development was suppressed. In all recovery experiments that part of the 
root which had developed in the disodium versenate solution remained 
completely unchanged on transfer of the roots to the calcium solution. 

That the effect of disodium versenate solutions on the roots of Brassica 
seedlings is not unique has been amply demonstrated by the present experi- 
ments with tomato roots. The simplest hypothesis is that the disodium 
versenate solution chelates the calcium ions before they can combine to form 
calcium pectate in the elongating epidermal cell walls. Where the solution 
is adequate to prevent all reaction between calcium and the pectic acid 
cementing layer, all the cells become disconnected. Where the solution is not 
adequate to prevent all reaction between calcium and the pectic acid cementing 
layer, individual variations in cell behavior are noticeable, some cells forming 
papillae or short hairs and others becoming markedly swollen. This individu- 
ality can be explained on the basis of the greater or less ability of elongating 
cells to take up calcium and incorporate it in the form of calcium pectate. 
This conclusion is supported by the results of recovery experiments where all 
the cells in the region of new growth responded immediately to the addition 
of calcium in the surrounding medium. 

Beyond this matter of cell individuality lie deeper questions as to how 
individual cells compete for calcium ions and why one cell is able to bring 
about calcification of its cell walls at an earlier stage than a neighboring cell. 
That the answer to these questions may be found in the high selectivity of 
pectic substances for calcium ions seems quite probable in the light of recent 
investigations. Burstr6ém (2) has demonstrated that auxins will promote 
root-cell elongation consistently provided the cells are deficient in calcium. 
Cooil and Bonner (3) and Tagawa and Bonner (12) recorded the same ob- 
servations for Avena coleoptiles, while Bennet-Clark (1) found that chelating 
agents which sequester calcium ions increased endogenous elongation of 
Avena coleoptile sections. Tagawa and Bonner demonstrated that when 
Avena coleoptiles were pretreated in calcium and magnesium solutions, both 
elasticity and plasticity of the tissue were decreased. Calcium and magnesium 
ions were found to make the cell wall firmer while the potassium ions made 
it softer and more elastic. The addition of potassium ions to the IAA solution 
augmented the softening and plagticizing effects of the IAA solution on the 
cell wall, while calcium ions had the opposite effect. They hold the view 
that the coleoptile cell walls consist of a network of pectic chains cross-linked 
at intervals by ionic bonds in which calcium ions bind carboxylate ions of 
adjacent chains. Their observation that there is a close parallel between the 
effects of calcium and potassium ions on the cell wall properties of Avena 
coleoptiles and the effects of the same ions on pectic substances in vitro are 
in exact agreement with the present writer's earlier observations of the 
similarity between the effects of calcium ions on the cell wall properties of 
seedling roots and those on solutions of pure pectic acid (4). 

The disconnected arrangement of the epidermal cells when calcium ions 
are rendered unavailable by disodium versenate and their normal even 
arrangement when calcium ions are made available strongly suggest the 
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presence of an outer layer of wall material capable of binding calcium ions. 
That this outer layer consists of pectic material is in agreement with the 
early observations of Roberts (11) and with the more recent work on the cell 
walls of Avena coleoptiles (1, 3, 12). 
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CLAVICEPS FROM ZIZANIA' 


Marta E. PANTIDOU 


Abstract 


The nomenclatorial status of the species of Claviceps occurring on Zizania 
has been uncertain for several years because although its perfect state has been 
known since 1915 it has been imperfectly described and placed in the wrong 
genus. A detailed description of this fungus is presented and a new combi- 
nation for this species is proposed. 

The perithecial state of Claviceps from wild rice, Zizania aquatica L. and 
Z. palustris L., was first obtained and briefly described by Fyles in 1915 (3). 
From the measurements of the asci, ascospores, and conidia as well as from 
infection experiments she was convinced that this was a species distinct 
from the common Claviceps purpurea (Fr.) Tul. Evidently she intended to 
prepare a formal description and propose a name in a later publication but 
she failed to do so. However, in a bulletin on wild rice (4) published 5 years 
later she referred to this fungus as Spermoedia sizaniae without describing 
it further. 

The genus Spermoedia was erected by Fries (2) and his description was 
based on the sclerotial state. Léveillé (5) observed the conidial state, assumed 
it to be a distinct fungus, and erected the genus Sphacelia for it. It was Tul- 
asne (7) who established the connection between the sclerotial, conidial, and 
perithecial states and erected the genus Claviceps. The latter name was gener- 
ally accepted and the names of the two imperfect states have fallen into disuse. 

By using the generic name Spermoedia Fyles was in error since she used a 
generic name which was based on the imperfect and not the perfect state of 
the fungus. A generic name, Claviceps Tul., was available for the perfect 
state and according to the International Code of Botanical Nomenclature 
Article 59 ‘The first legitimate name or epithet applied to the perfect state 
takes precedence’. It is perfectly clear that Fyles intended to name the per- 
fect state but she followed Seaver (6), who at that time used the name Sper- 
moedia to describe all three states of Claviceps spp. 

The name Spermoedia zizaniae Fyles was not accepted and in future refer- 
ences this fungus was cited either as a species of Claviceps on Zisania or as an 
undetermined species. Some authors continued to retain it in C. purpurea 
(Fr.) Tul. 

Further evidence that the Claviceps from Zisania is a-distinct species was 
presented by Brown (1). He reported that the strain from Zisania aquatica L. 
did not infect cereals and other grasses and its sclerotia have the characteristic 
of floating in water. Wright (8) obtained and described the perfect and im- 
perfect states and performed infection experiments. Conidia from Zisania 
aquatica L. var. angustifolia Hitche. did not infect cereals which are common 

1Manuscript received May 4, 1959. 
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hosts of C. purpurea Tul. and conidia from four grasses did not infect the wild 
rice. From these experiments and from his measurements he concluded that 
the Claviceps from Zizania was a distinct species. However, he did not name 
it and his thesis has never been published. 

The present work was stimulated by the fact that good material of the per- 
fect state of the fungus was obtained and it supported the view that this species 
was distinct from C. purpurea. Fyles’ study of this fungus was carried out 
here at Ottawa but her material was not preserved. References to this fungus 
have been made difficult by its uncertain status and it was thought desirable 
to redescribe it and place it on a sound nomenclatural basis. It is considered 
that Spermoedia zizaniae Fyles is not a nomen nudum because in publishing 
it Miss Fyles referred to her earlier description where she did not name it. 
Hence a new combination in Claviceps is proposed based on Spermoedia ziz- 
aniae Fyles and the new material is designated as a neotype. 

The sclerotia were collected in the summer of 1957 near Sheffield, N.B., 
by W. G. Dore. They were abundant on Z. aquatica L. var. interior Fassett. 
They were germinated in the spring of 1958 and again in February 1959. 
In the first year the perithecial stromata were abnormal and very few matured. 
In June 1958 a number of sclerotia, from the same collection, were placed in 
sterile water and kept in the refrigerator at 0° C until the beginning of Nov- 
ember. Then they were transferred to dishes with sterile sand and kept in the 
greenhouse at a temperature of 10-15° C. The sclerotia started to germinate 
in the middle of January and several perithecial heads were mature by Feb- 
ruary 20, 1959. My description is based on this.material. Conidia adhering to 
the surface of the sclerotia were used for the measurements and the drawings. 
My measurements of the conidia are not in agreement with those of Fyles 
and Wright. Whether this is due to the fact that they made their measure- 
ments from the honeydew stage and the conidia were not fully mature is not 
certain. There is close agreement in the measurements of the asci and the 
ascospores. Fyles (3) reported: conidia 9-122.5—-3.5 mw; stromata up to 
50 mm high; perithecia 250-325 K 150-160 w; asci 200-215 X4 w; ascospores 
150-180 yw three-septate. Wright (8) reported: sclerotia 6-16 mm long, 3-7 mm 
wide; conidia 6.8-15.9X3.4-5.6 mu; perithecia 225-326X93-202 uw; asci 
140-203 X3.4-4.5 yw; ascospores 109-171 K0.5-1 yw three-septate. 

The experimental evidence accumulated leaves no doubt that the Claviceps 
from Zizania isa distinct species. It differs from C. purpurea in the morphology 
of the sclerotia and perithecial stromata, size of sclerotia, conidia, asci, and 
ascospores, and also in host specificity. The same holds true in comparisons 
with any of the known species of Claviceps. 


Claviceps zizaniae (i yles) comb. nov. 

Spermoedia zizaniae yles 

Sclerotia (Fig. 1) cylindric often pointed or curved at one end, few reni- 
form, 5-16 mm in length, 3-6 mm in diameter, ‘light drab’ to ‘hair brown’ and 
uneven on the surface, ‘light vinaceous lilac’ within. Conidia (Fig. 4) very 
variable in size and shape, oblong-clliptical, reniform, some close to pyriform, 
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Sclerotia natural size. 


Perithecial stromata natural size. 
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hyaline with two or more oil drops; (6.5)8-30X3-6 yw, perithecial stromata 
several from a sclerotium (Fig. 3); stalks 5-25 mm in height, 1 mm in diameter, 
‘tawny’ some ‘light vinaceous lilac’ when young, glabrous, often becoming 
horny and twisted when dry; heads (Fig. 2) more or less spherical 1-3 mm in 
diameter, ‘tawny’ to ‘russet’, rough punctate with the darker ‘Mars brown’ 
perithecial ostioles; perithecia embedded in the outer part of the head, the 
ostioles projecting beyond the surface, 200-330 u in length, 90-200 yw in diam- 
eter; asci (Figs. 5, 6, 7) cylindric, flexuous, rounded above, with a hyaline 
cap, narrowed below and often curved, eight-spored, 110-226X3.5-4.5 y; 
ascospores hyaline (Figs. 8, 9), filiform, three-septate 115-190X0.5-1 wu. 
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Fics. 4-9. Claviceps sizaniae. Fig. 4. Conidia X1000. Figs. 5-9. Asci and asco- 
spores X500. Fig. 6. Ascus ruptured liberating eight ascospores. 


Host.—In the ovaries of Zizania aquatica L. and Z. palustris L. 

Specimen examined.—DAOM 56855, sclerotia on Z. aquatica L. var. interior 
Fassett, collected about two miles NW. of Sheffield, N.B., by W. G. Dore 
(17042), September 9, 1957, perithecia produced February 1959. Neotype. 
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ANTHRACNOSE OF CANNING TOMATOES IN ONTARIO! 


W. I. ILtMAn,?* R. A. Lupwic, AND JoYCE FARMER? 


Abstract 


Colletotrichum atramentarium (not C. gloeosporioides or ? C. phomoides as fre- 
quently stated) was found to be the predominant cause of ripe fruit rot in 
canning tomatoes in Ontario and the adjoining regions of the United States. 
Infection by the organism occurred readily on all parts of the plant including 
the fruit. Development of the organism in the plant ceased, however, after 
a very brief initial period of rapid growth and remained latent until the sur- 
rounding host tissues became senescent. 

Latency in the fruit could be partially overcome by a period of low temperature 
storage and symptom expression thus obtained in green fruit. The ability of 
the organism to establish itself in the xylem vessels of the root and stem was 
demonstrated. Here again, however, rapid development of the organism 
was of only short duration. 

The significance of these findings is discussed and attention is drawn to a 
number of features of the disease that require further clarification. 


Introduction 


Anthracnose is a major disease of the canning tomato in Ontario as well 
as in the adjoining areas of the United States and other tomato-growing regions 
of the world. It has been commonly attributed to the fungus, Colletotrichum 
phomoides (Sacc.) Chester (2, 5, 8). Von Arx (1), however, in a recent 
monographic treatment of Colletotrichum includes this species in the Glomerella 
cingulata group which possesses Colletotrichum gloeosporioides Penz. as the 
imperfect stage. Colletotrichum phomoides and a long list of other species 
are relegated to synonomy. This nomenclature will be followed here. Von 
Arx (1) also describes Colletotrichum atramentarium, a distinct species, as the 
cause of a ripe fruit rot in tomato and states that it has often been confused 
with C. gloeosporioides in the tomato anthracnose literature. 

The present work was initiated at the request of the Ontario Food Proces- 
sors’ Association. The results of a survey and some observations on the 
infection process are reported here. 


The Survey 


A representative sampling of anthracnose-infected tomato fruits was 
obtained through the co-operation of the member companies of the Ontario 
Food Processors’ Association during the crop seasons of 1956 and 1957. 
These fruits were either selected from deliveries at company receiving stations 
or harvested from growers’ fields by cannery fieldmen. The causal fungus 
was isolated from infected tissue by plating on potato dextrose agar. In 
all cases a sclerotium-producing culture of the type described by von Arx (1) 

1Manuscript received April 6, 1959. 
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TABLE I 


Tomato anthracnose survey in Ontario 


1956 1957 
No. of Isolates* of No. of Isolates* of 
Area and station shipments C. atramentarium shipments C. atramentarium 

Essex and Kent 

Harrow 2 a2 5 18 

Leamington 1 8 7 17 

Essex 2 14 

Stoney Pt. _ _— 1 7 

Tilbury 3 8 _ -- 

Chatham 1 5 5 27 

Ridgetown 3 8 3 19 

Dresden 1 5 
Brant—Norfolk—Halimand 

Brantford 1 12 

Simcoe 9 26 10 12 

Dunnville 1 2 
York 

Toronto 1 15 _ — 
Prince Edward Co. 

Picton — 1 4 

23 104 35 130 


*All shipments contained some anthracnose. The isolates represent different affected fruits, often several from 
one shipment. 


for Colletotrichum atramentarium was obtained. The spore characteristics 
of the isolates also agreed with those of C. atramentarium. Potato tuber 
isolates of this fungus obtained from The Netherlands, Quebec, Nova Scotia, 
and Prince Edward Island were morphologically indistinguishable from the 
tomato isolates and produced typical anthracnose lesions in inoculated ripe 
tomato fruit. Finally, an Ontario tomato fruit isolate was sent to Dr. J. A. 
von Arx at Baarn, who confirmed it as ‘Morphologically a typical form of 
Colletotrichum atramentarium (Berk. and Br.) Taubenh.’’ 

The scope of the survey and the number of isolates obtained is indicated 
in Table I. It must be concluded in light of this evidence that the cause of 
anthracnose in field-grown tomato fruit in Ontario is Colletotrichum atramenta- 
rium rather than C. gloeosporioides as previously assumed. 

When the outcome of the Ontario survey became apparent in 1957, cultures 
from anthracnose-infected fruits were solicited from other tomato-growing 
areas of North America. The information obtained was supplemented in 
1958 when the senior author made a field trip through the tomato-growing 
areas of New York and received further isolates from Maryland. The 
results of these surveys are given in Table II. 

‘Hughes has recently stated in this journal (36:754) that the currently legitimate epithet 


for this organism was provided by Wallroth in 1833. It would thus become C. coccodes 
( Wallr.) Hughes. 
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TABLE II 


Tomato anthracnose survey in other areas of North America 


1957 1958 
No. of No. of 
Source cultures Identity locations Identity 

Wisconsin 3 C. atramentarium 
Ohio 2 C. atramentarium 
Pennsylvania 

and New Jersey 10* C. atramentarium 
Delaware 1 C. atramentarium 
Maryland 1 C. gloeosporioides 2 C. atramentarium 
New York 6t Colletotrichum sp. 16 C. atramentarium 
Nova Scotia 5 C. atramentarium 


*An isolate from each of 10 different stations. : 
tisolates used in publications from Geneva; spore shape and size conforms with C. atramentarium but sclerotia 
not produced in culture. 


These results are in agreement with the Ontario findings in that C. atra- 
mentarium rather than C. gloeosporioides proved to be the predominant 
organism causing anthracnose in canning tomatoes. 

During the course of this work Dr. L. T. Richardson of this laboratory 
found anthracnose on ‘“‘home-grown”’ tomato fruits that had been picked 
green and stored in a cool basement. The lesions yielded Colletotrichum 
gloeosporioides when they were plated (10). Similar samples of home-grown 
fruit from other sources invariably yielded this organism rather than C. 
atramentarium. Tomato anthracnose has also at times caused serious losses 
on the Montreal market on tomato fruit imported from the West Indies. 
Isolations from such fruits made by one of the authors in the early 1940's 
yielded what would now seem to have been Colletotrichum gloeosporioides. 
While these observations are very limited it is apparent that under some 
circumstances this organism does cause loss and that further investigations 
of it in relation to wastage on the fresh fruit market would be worthwhile. 

Colletotrichum dematium was isolated once from an atypical anthracnose 
lesion during the course of the Ontario survey. It was obtained again from 
fruit from the Bahamas collected on the Montreal market. No evidence was 
obtained, however, to indicate that this species causes more than an occasional 
spotting of tomato fruit. 


Fruit Infection and Symptom Development 

Anthracnose is commonly regarded as a disease of ripe or overripe senescent 
fruit. The commonly recognized lesions are circular in outline and slightly 
sunken. Those produced by Colletotrichum atramentarium can be distinguished 
from those produced by C. gloeosporioides since in the former black “‘sclerotia- 
like’’ bodies are produced beneath the epidermis in the center of the spot 
giving it a darkened, roughened appearance. These are lacking with C. 
gloeosporioides where, especially under moist conditions, pink mucilaginous 
spore masses develop. In histological studies of both green and ripe fruit 
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artificially inoculated by spraying with spores of C. atramentarium it was 
found that numerous infections occurred but only a few of them produced 
active lesions and then usually only when the fruit became overripe. 

A brown flecking (Fig. 4) was frequently observed on green and turning 
fruit sent to the laboratory during the course of the Ontario survey. On 
being plated, these invariably yielded colonies of Colletotrichum atramentarium. 
Sometimes the flecks developed into active lesions as the fruit matured but 
more often they did not. A similar brown flecking was frequently observed 
on artificially inoculated fruit. 

Pelletier (9) found latency of infection, presumably with C. gloeosporioides, 
to be overcome by a period of low temperature storage prior to final ripening 
at room temperature. Such treatment also caused symptoms to appear 
in less mature fruit. A similar situation was found to exist with C. atra- 
mentarium in preliminary studies by the authors. On return to room tem- 
perature after a 7- to 10-day period of storage at 43° F, artificially inoculated 
fruit developed a variety of symptoms. These consisted of delayed ripening, 
blotchy ripening, brown flecking, dark-brown lesions on green fruit resembling 
“buckeye rot’, as well as the characteristic sunken lesions associated with 
Colletotrichum. Some of the symptoms observed are illustrated in Figs. 1-8. 
The exact symptoms produced appeared to depend on the stage of maturity 
of the fruit at time of inoculation and at time of low temperature storage. 
It is not known to what extent these symptoms occur in the field but it is 
interesting to note that in one instance C. atramentarium was isolated from a 
fruit lesion collected as ‘“‘buckeye rot’’. A detailed study of low temperature 
and other conditions affecting latency of infection is currently in progress. 


Spore Production by Colletotrichum atramentarium 

Cultures of C. atramentarium growing on potato dextrose or V-8 juice 
agar, as a result o! planting either a piece of infected tissue or an inoculum 
plug on the solidified medium, were found to be profusely sclerotial in character. 
Spores were not produced in great abundance under these circumstances. 
When, however, either spores or mycelial fragments were sown sparsely in 
melted cooled agar prior to pouring into petri plates, good sporulation was 
obtained. Rate of seeding proved to be critical, optimum sporulation being 
obtained with 5-10 colonies per plate. With this colony density pink spore 
masses resembling those of C. gloeosporioides developed in the center of each 
colony. Very few spores developed in heavily sown plates. This general 
procedure was ivund to provide an adequate supply of spores for greenhouse 
and laboratory studies. It was found that the capacity to sporulate was 
gradually lost on prolonged culturing. This could be restored, however, 
by inoculation into tomato tissue and reisolation. 


Fics. 1 to 8. Some symptoms produced by Colletotrichum atramentarium on fruit. 

Fics. 1 to 5. Field-collected fruits. Figs. 1, 2, and 3. Sunken lesions on ripe and 
overripe fruit. Fig. 4. Brown flecking on green and turning fruit. Fig. 5. Coalescing 
sunken lesions originating from brown flecks on a turning fruit. 

Fics. 6 to 8. Artificially inoculated fruits stored at 43°F and returned to room 
temperature. Fig. 6. Similar to 5. Fig. 7. Chocolate-brown lesion on a green fruit, 
resembling “‘buckeye rot”. Fig. 8. Blotchy ripening. 
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PLATE II 


Fic. 9. Acervuli with setae on dead leaf. Fic. 10. Sclerotia on dead stem. Fic. 11. 
Sclerotia on root tissue killed by C. atramentarium. Fic. 12. Production of spore 
masses atop remoistened sclerotia. Fic. 13. Section through a germinating sclerotium 
showing development of “‘acervulus”’. 
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Pantidou (8) and others (15) have reported foliar infection on tomato by 
Colletotrichum (presumably C. atramentarium) and noted sporulation of the 
fungus on damaged tissue such as flea-beetle spots, A/ternaria leaf spots, etc. 
These observations have been confirmed by the authors. In addition it was 
observed that leaves of plants artificially inoculated by spraying with spore 
suspensions often showed no symptoms of the disease but were shed prema- 
turely and became heavily colonized by the organism with profuse spore 
production over the leaf surface. Figure 9 shows a surface picture of such 
a leaf with abundant setae emanating from active acervull. 

Because of confusion in the taxonomy of the organism causing tomato 
anthracnose, little attention has been given to the sclerotia. These form 
readily in crop debris (Fig. 10) and diseased tissues (Fig. 11) as well as in 
artificial culture. After drying and subsequent remoistening, the sclerotia 
germinate readily giving direct rise to acervuli with abundant spore production. 
A group of such sclerotia and a section through an individual one are shown 
in Figs. 12 and 13 respectively. Although no specific study has been made 
of this point it appears that the manner of germination is dependent on level 
of nutrition since surface-sterilized sclerotia plated on a nutrient medium gave 
rise to typical colonies of C. atramentarium without acervulus production. 


Some Observations on Infection and the Infection Process 

Fruit Infection 

Some reference has already been made to this subject in earlier sections 
of this paper. It was pointed out that, while numerous infections actually 
occur, only a few progress to active lesions. The release of these incipient 
or latent infections is related to the physiological condition of the fruit and 
normally occurs only in overripe fruit but can be induced at an earlier stage 
of fruit development by a period of low temperature (43° F) storage. In- 
fection was found to take place through the apparently uninjured cuticle of 
both green and mature fruits. The histological studies on the infection 
process that are reported here were made on fruits inoculated by spraying 
with a spore suspension of the fungus and subsequently incubated in a moist 
atmosphere for a suitable period of time. 

The conidia of Colletotrichum atramentarium are single-celled biguttulate 
structures characteristic of the genus. Before germination they become two- 
celled, and on germination on a moist glass slide characteristically produce an 
appressorium from one cell and a germ tube from the other. This is illus- 
trated in Fig. 14. The formation of the appressorium appears to depend on 
contact stimulus and may be close to the spore as illustrated here or removed 
from it by a hyphal tube. It becomes firmly cemented to the surface on which 
it is formed and, if conditions are favorable, germinates through a germination 
pore on the under surface, to produce a thick hyphal strand quite unlike the 
fine cottony hyphal strands found in the ordinary mycelial growth occurring 
in aculture. The environmental and nutritional conditions affecting appres- 
sorial germination have not been worked out. Appressoria on glass slides 
have, however, been induced to germinate by flooding with a 0.75°% orange 
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juice solution. A detailed study of appressorial behavior is currently in 
progress. An appressorium formed on the fruit germinates to produce an 
infection peg approximately 0.5 uw in diameter, which penetrates part way 
through the cuticular covering of the fruit as illustrated in Fig. 15. In 
some instances development of the fungus seems to cease here although it is 
difficult to be positive on this point. In other instances development continues 
with the appearance of an eroded area in the cuticularized cell wall as illus- 
trated in Figs. 16 to 19. The agency responsible for this erosion has not 
been established, but it is thought that pectolytic enzymes, readily produced 
by the organism, may play a role. At this point a browning reaction can 
be observed in the epidermal cell beneath the penetrating fungus; it is apparent 
as a darkening in Figs. 18 to 21. The penetration peg may expand into a 
short thickened hyphal strand (Fig. 18) and continue to advance inwards 
ultimately establishing itself within the cell beneath or may form a lens- 
shaped hyphal structure beneath the cuticularized cell wall (Fig. 21). In 
the latter case considerable swelling of the cell wall occurs and the browning 
reaction is very severe. These presumably represent latent infections since 
in green fruit development of the fungus usually ceases at this point. In 
fully ripe fruit, development of the fungus may either cease or continue to 
lesion production. Growth of the fungus can often be observed in the 
microscopic growth cracks occurring in the cuticle (Fig. 20). 


Foliar and Crown Infection 

The production of leaf spots has been described in connection with the 
anthracnose disease of tomato (15, 8). These spots were, however, not ob- 
served frequently on greenhouse plants artificially inoculated with C. atra- 
mentarium during the course of the work reported here. The microscopic 
examination of epidermal strippings from leaves and stems of such plants 
invariably revealed the presence of numerous appressoria of the organism. 
When inoculated plants were held for long periods in the greenhouse it was 
found that they underwent much earlier defoliation than the corresponding 
controls. Figure 22 illustrates the effect of foliar inoculation with each of 
the three organisms that have been associated with tomato fruit rot. These 
plants were inoculated by spraying with spore suspensions, incubated in a 
moist chamber for 48 hours, and then grown in the greenhouse for approxi- 
mately 40 days before photographing by which time they were in a ‘‘pot- 
bound” condition. The defoliation produced by C. atramentarium is obvious. 
C. dematium did not produce defoliation but caused a brown spotting or 
flecking of the stems and petioles as illustrated in Fig. 23. Histological 
studies on stems and hypocotyls of plants artificially inoculated with Colleto- 
trichum atramentarium showed that the fungus was able to penetrate readily 
but underwent very limited development in the epidermal cells. The penetra- 
tion process into epidermal cells of hypocotyl is illustrated in Figs. 24-26. 
Note the swelling of the cell wall beneath the appressorium in Figs. 24 and 26. 

Colletotrichum atramentarium has long been recognized as a soil organism 
and has been described as the cause of a root rot of tomatoes under greenhouse 
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Fic. 14. A spore of C. atramentarium germinating to produce an appressorium and 
a germ tube. Fic. 15. An infection peg in cuticle of fruit. Fics. 16-19. Erosion 
of cuticularized cell wall. Note expanded hyphae of the fungus seen in optical cross 
section in Fig. 17 and longitudinal section in Fig. 18. Fic. 19. Fungus affecting epider- 
mal cell beneath. Fic. 20. Hyphae in cuticular crack. Fic. 21. ‘‘Lens-shaped” latent 
infection beneath cuticular layer. 
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PLATE IV 


Fics, 22 and 23. Effects of foliar inoculation with spores of three fruit-spotting 
species of Colletotrichum. Fig. 22. Effect of premature defoliation: C. gloeosporioides, 
C. dematium, C. atramentarium, control. 
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Fics. 24-26. Invasion of epidermal ceils of hypocotyl by C. atramentarium; ote 
thickening of cell wall beneath appressoria. Fic. 27.  Lesioning produced by C. atramen- 
tarium at buried cotyledonary node; note new healthy roots forming above. Fics. 28-30. 
C. atramentarium growing in xylem vessels; note appressorial formation. Fic. 31. 
Disintegrating mycelium in xylem vessels. 
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conditions (6, 11). Numerous experiments were consequently undertaken 
in which tomato plants were grown in soil or sand artificially inoculated with 
Ontario fruit isolates of the organism. The inoculum used for this purpose 
was grown in a sand—corn meal medium and thoroughly blended with the 
planting soil. Except for an initial setback at high inoculum levels the plants 
showed little, if any, superficial response to this treatment. Examination of 
belowground parts sometimes revealed brown stem and root lesioning but 
more often no effect was apparent. Where lesioning did occur the plant 
developed new roots above the damaged area and, therefore, continued to grow 
normally. Figure 27 shows lesioning at the point of attachment of the buried 
cotyledonary leaves with the appearance of new roots above. As with foliar 
inoculations numerous appressoria could always be observed on epidermal 
strippings. 


Systemic Infection 

Anthracnose, as it affects potato, is often referred to as ‘‘Colletotrichum 
wilt”. It is not clear, however, whether wilting is the result of vascular 
infection as in the Fusarium wilts or simply due to impaired absorption 
resulting from damage to the basal parts of the plant. Recently MacNeill (7) 
described a wilt of tomatoes that he associated with Colletotrichum atra- 
mentarium. In order to examine this possible aspect of the life cycle of the 
organism, plants were artificially inoculated in two ways: (a) by washing 
soil from the roots and immersing them in spore suspensions prior to repotting, 
and (4) by drawing spores of the organism into the xylem vessels of stem seg- 
ments having at least two nodes and subsequently allowing root development 
from the lower node and shoot development from the upper node. In both 
cases the resulting plants developed normally and did not wilt at either normal 
or high temperatures. A histological study was made of stem sections taken 
at varying times following inoculation. The spores, on introduction into the 
xylem vessels, germinated rapidly and appressoria were formed on the walls. 
These can be seen in cross and longitudinal sections of stems in Figs. 29 and 30 
respectively. Initial development of mycelium was rapid and hyphae spread 
from centers of infection to adjoining vessels (Figs. 28 and 30). This activity 
was, however, of brief duration (48-96 hours) after which time much of the 
mycelium appeared to disintegrate (Fig. 31). The appressoria and some 
hyphae became encrusted with a deposit of undetermined composition. 
Results obtained by plating stem segments indicated that the viable mycelium 
remained at low level for long periods in originally inoculated parts but that 
the fungus did not spread to new growth. 


Discussion 


The discovery that the anthracnose of field-grown canning tomatoes in 
Ontario and adjoining regions of the United States is caused by Colletotrichum 
atramentarium rather than C. gloeosporioides is more than an academic consid- 
eration since the former is well known as a soil organism. It has been pri- 
marily studied as the cause of the “‘black dot’’ disease (‘‘Colletotrichum wilt’’, 
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“dartrose’’) of potato. Schmiedeknecht (11) has recently published an 
extensive review of the literature relating to its role as a disease producer 
on this crop. Included among its many hosts is the tomato. Here it is 
known as the cause of a root rot under greenhouse conditions (6) and it has 
been recently associated with a field wilt by MacNeill (7). Further, its 
association here with fruit is not a new observation since von Arx (1) in his 
monograph describes it in this connection. It is difficult on reading the 
literature on tomato anthracnose to be sure what organism was actually under 
study. In many cases C. atramentarium was obviously involved. The 
Cp1 isolate of Kendrick and Walker (5) is clearly Colletotrichum atramentarium 
whiie their Cp4 isolate, a profusely sporulating type, would appear to be 
C. gloeosporioides. Their conclusion that fruit infection comes primarily from 
infested debris in the soil is in keeping with our current understanding of 
C. atramentarium. It is not clear from the literature how long this organism 
will survive in soil in the absence of a susceptible host. Gemeinhardt (3) 
concluded that the sclerotia were relatively short-lived and indeed in his 
experiments they did not survive for 2 years. Our general knowledge of 
fungal sclerotia, however, would lead us to expect them to be much more per- 
sistent than this. Pantidou and Schroeder (8) worked with a number of 
fruit isolates, some of which would appear to be C. atramentarium. They 
demonstrated the infection of all parts of the tomato plant including roots 
and consider the possibility of this species being the cause of a fruit spot 
but conclude ‘Whether a fruit-rotting Colletotrichum exists that functions 
like C. atramentarium remains to be determined.” 

Besides the question of survival in soil there is the matter of persistence 
and multiplication on other hosts. Von Arx (1) lists species of Solanum, 
Dahlia, Brassica, Cucurbita, and Clematis as susceptible. Ibrahimov (4) 
reports C. atramentarium to be pathogenic to a wide range of hosts even from 
different families, his list including such weeds as Datura stramonium. Even 
some of the grasses must be regarded as suspect since Stakman (12) reported 
on the tomato anthracnose organism occurring on wheat and oats in associa- 
tion with root rot. 

It will be obvious from the foregoing discussion that a great deal remains 
to be learned about the relationship of such factors as soil type, sanitation 
practices, and alternate hosts to the epidemiology of tomato fruit anthracnose 
in Ontario. While it has been established that the disease can be controlled 
by frequent foliage spraying (13) much less attention has been paid to soil 
treatments, preplanting dips, cultural practices, etc., as control measures. 

Infection takes place readily on the surfaces of fruits, stems, and leaves or 
internally in the xylem vessels. After a very brief period of rapid growth, 
however, the development of the organism is arrested and not resumed 
until the tissue becomes old or senescent. With Colletotrichum atramentarium 
distinct foliage symptoms have been described (15, 8) but as shown in this 
work the only evidence of infection may be a premature senescence com- 
mencing at the base of the plant and working upwards. The organism 
develops and sporulates rapidly on dehisced plant parts. As far as the 
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fruit is concerned, it was demonstrated that the release of latent infections 
could be hastened and symptom expression advanced to the green fruit stage 
by a period of low temperature storage. Presumably this treatment affects 
the physiological processes of the fruit and any treatment exerting a similar 
affect would give the same result. The senescence of the plant is associated 
with fruit bearing and hence it seems logical to conclude that latent infections 
will be released and that as a consequence the inoculum potential in the 
field will rise as the cropping season advances. These two factors might 
explain the increased incidence of the disease in late-picked fruit. 

A great deal of effort is being devoted to progress of breeding for resistance. 
The outlook for achieving worthwhile foliar resistance would not appear, 
however, to be too bright when the wide host range of C. atramentarium 
(4) and the relationship of fruit production to plant senescence and suscepti- 
bility are taken into account. The outlook concerning fruit resistance 
would appear to be more hopeful. Two lines of approach might be suggested 
in this regard, namely breeding for a thicker cuticle that would give mechanical 
resistance by excluding the organism, and breeding for a physiological condition 
of the fruit where the release of latent infections is delayed. The varietal 
comparisons reported by Wilson and Runnels (14) tend to support the fea- 
sibility of such an approach. Here again, however, much remains to be 
learned about the physiology of the fruit, the infection process, and the physio- 
logy of lesion release. 


Acknowledgments 


The authors gratefully acknowledge the financial support provided by 
the Ontario Food Processors’ Association and the active participation in 
the survey by many workers of various member companies. We are partic- 
ularly indebted to Mr. R. J. Hall, secretary of the O.F.P.A. research committee, 
who arranged this participation. Our thanks are also extended to the various 
agricultural workers in other parts of Canada and the United States who 
gave encouragement and assistance and to Mr. John Gates of this laboratory 
for his photography. 


References 
1. VON on A. Die Arten der Gattung Colletotrichum Cda. Phytopathol. Z. 29, 413-468 
(1957). 


2. Futton, J. P. Infection of tomato fruits by Colletotrichum phomoides. Phytopathology, 
38, 235-246 (1948). 

3. GEMEINHARDT, H. Untersuchungen iiber den saprophytismus des Colletotrichum_atra- 
mentarium (B. et Br.) Taub. und die Lebensdauer der sclerotien (acervuli) des 
pilzes. Phytopathol. Z. 29, 151-176 (1957). ; 

4. IprantmMov, G. H. Specialization of species of Colletotrichum on certain leguminous, 
cucurbitaceous and solanaceous plants. Trud. Vsesoyuz. Inst. Zashch. Rast. 
3, 205-212 (1951).° 

5. Kenprick, J. B., JR. and Wacker, J. C. Anthracnose of tomato. Phytopathology, 
38, 247-260 (1948). 

6. MacNE., B. H. Colletotrichum root rot of greenhouse tomatoes. Plant Disease 
Reptr. 39, 45-46 (1955). 

7. MacNett, B. H. Colletotrichum atramentarium in field tomatoes. Plant Disease Reptr. 
41, 1032 (1957). 


‘Available in English translation upon request to the senior author. 


an 

cer 

is 
as 

its 

his fe 
he 

ler 

he 
im 
be 
ym 
of 

m 
3) 
of 
of Be 
ey 
ts 
ot 

ns 

ce 
n, 

4) ; 
m | 
1s 

se 

d 

il 
Ss. 

or 
1, 
d 

m 

is 

n 

e 


1246 CANADIAN JOURNAL OF BOTANY. VOL. 37, 1959 


8. 


9. 


10. 
11, 


Pantipou, M. E. and ScHROEDER, W. T. Foliage as a source of secondary inoculum 
for tomato anthracnose. Phytopathology, 45, 338-345 (1955). 

PELLETIER, R. L. Studies on some market diseases of tomatoes with s ial reference 
to anthracnose (Colletotrichum phomoides (Sacc.) Chester). M.Sc. Thesis, McGill 
University, Montreal, Que. 1944. 

RicHarpson, L. T. Can. Plant Disease Survey, 36, 92 (1957). 

SCHMIEDEKNECHT, M. Untersuchung des parasitismus von Colletotrichum atramentarium 
ae s A ) Taub. an kartoffelstauden (Solanum tuberosum L.). Phytopathol. Z. 26, 

. STAKMAN, L. J. Some fungi — root and foot rots of cereals. Minn. Studies in 
Plant Sci. 4, 139-161 (1923). 


. Witson, J. D. and RUNNELS, H. A. Losses from tomato fruit rot can be reduced. Food 


Packer, 30, 44, 46 (1949). 


. Witson, and RunNets, H. A. Tomato anthracnose. Comparative 


of varieties and their response to spraying. Ohio Agr. Expt. Sta. Research Bul 
685 (1949). 


. Younxrn, S. B. and Dimock, A. W. Foliage infections of Lycopersicum esculentum 


by Colletotrichum phomoides. Phytopathology, 34, 976-977 (1944). 


i 
12 
13 
15 
3 
a 
e 


1247 


HISTOLOGICAL STUDY ON CROWN BUD ROT OF ALFALFA! 
E. J. HAwN 


Abstract 


Microscopic examination of stained sections made from alfalfa crown buds 
artificially inoculated with typical crown bud isolates of Rhizoctonia solani 
Kiihn, Fusarium avenaceum (Fr.) Sacc., Fusarium acuminatum (Ell. & Ev.) Wr., 
and Ascochyta imperfecta Peck indicates their respective abilities to cause crown 
bud rot under conditions similar to those found in the field. Identifiable por- 
p mae de these fungi are shown and their growth within the host tissue is 

escribed. 


Introduction 


Infection and isolation studies by the author (5) on crown bud rot of alfalfa 
have shown that Rhizoctonia solani Kiihn, Fusarium avenaceum (Fr.) Sacc., 
Fusarium acuminatum (Ell. & Ev.) Wr., and Ascochyta imperfecta Peck are 
the principal components of the disease-producing complex. This paper 
reports on the pathological histology of the crown buds, describing the manner 
and method in which these fungi enter the host plant and their respective 
characteristics and rates of development. 


Materials and Methods 


Infected buds were removed from alfalfa plants that had been artificially 
inoculated with crown bud isolates of R. solani, F. avenaceum, F. acuminatum, 
and A. imperfecta. These were fixed in formalin — acetic acid — alcohol, 
embedded, sectioned, and stained. 

A modification of Conant’s quadruple stain technique (6) gave satisfactory 
differentiation and was adopted for all the histological work relating to crown 
bud rot of alfalfa. The modified staining schedule employed was as follows: 
immerse the specimen in xylol for 5 minutes; immerse in a 1:1 solution of 
xylol and absolute ethyl alcohol for 5 minutes; immerse in absolute ethyl 
alcohol for 2 minutes; immerse in 95% ethyl alcohol for 2 minutes; immerse 
for 2 minutes in a solution composed of 1% safranin in 50% ethyl alcohol; 
wash in distilled water. Immerse the material in a crystal violet solution 
(barely transparent) for 1 minute and again wash in distilled water. Im- 
merse in 95% ethyl alcohol for 2-5 minutes and then for 2-5 minutes in each 
of two changes of absolute ethyl alcohol; immerse for 12 minutes in saturated 
orange G and 1% fast green in clove oil; immerse for 3 minutes in each of 
three changes of clove oil and saturated orange G. Wash for 3 minutes in 
each of two changes of xylol. Immerse in fresh xylol for 12-16 hours to 
ensure the removal of all remaining clove oil. Mount in Permount. 

1Manuscript received July 30, 1959. 


Contribution from the Plant Pathology Section, Canada Agriculture Research Station, 
Lethbridge, Alberta. 
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Rhizoctonia solani 

Alfalfa crown bud and shoot tissues were very rapidly infected and ramified 
by R. solani under the conditions set up for the study (5). Figures 1, 2, and 3 
are photomicrographs of artificially inoculated material after 3 days’ incuba- 
tion in the greenhouse. Infection hyphae enter by direct penetration of 
the cuticle and underlying tissues. These hyphae arise from cushions or 
pads of mycelium that are appressed to the surface of the host. This means of 
gaining entry is similar to that described by Flentje (4). Figure 1 is a photo- 
micrograph of an infection cushion and illustrates the direct manner of 
penetration and subsequent growth of the fungus.’ 

Mycelial growth in the outer leaf of an alfalfa crown bud is shown in 
Fig. 2. Ramification is both inter- and intra-cellular in the mesophyll 
tissues. It is of the same type in young shoots, where all cells including 
those of the phloem and xylem are invaded. In the latter the hyphae enter 
and pass along the lumina and can, in this way, reach the crowns (Fig. 3). 
Similar observations have been reported by Erwin .(3) and by Lebeau and 
Dickson (7) for R. solani and the low-temperature basidiomycete, respectively. 


Fusarium avenaceum 

Satisfactory material for the study of crown buds infected by F. avenaceum 
was obtained from Ladak alfalfa inoculated with the fungus and incubated in 
the greenhouse for 15 days at 15°C. These buds contained much less 
mycelium than those infected with R. solani. However, there was considerable 
breakdown of the tissues in advance of the main concentration of mycelium, 
indicating killing by a toxin. This condition has been observed and reported 
by Cormack (1) in work on Fusarium spp. 

The hyphae of F. avenaceum developed both inter- and intra-cellularly in 
the crown buds and young stems (Fig. 4). However, none of the preparations 
examined indicated the means by which the pathogen entered the host. 


Fusarium acuminatum 

Inter- and intra-cellular ramification of crown bud tissues together with 
mycelium and conidia of F. acuminatum was observed in stained sections 
taken from artificially inoculated Ladak alfalfa plants that had been incubated 
at 15°C for 15 days. Recognizable portions of the fungus within a crown 
bud are shown in Fig. 5. This fungus also appears to cause considerable 
disorganization and death of host cells in advance of the hyphae, thus creating 
an environment suitable for the production of conidia (Fig. 5). 


Fic. 1. R. solani penetration of a young alfalfa shoot. Infecting hyphae have arisen 
from an infection cushion. X30 

“1G. 2. Outer leaf of an alfalfa crown bud infected with R. solani. X70 

Fic. 3. Growth of R. solani mycelium within the conductive tissues of a young alfalfa 
shoot. 210 

Fic. 4. Mycelium and conidia of F. avenaceum. X210 ; 

Fic. 5. Mycelium and conidia of F. acuminatum in an alfalfa crown bud. 320 

Fic. 6. Pycnidium of A. imperfecta developing on an alfalfa crown bud. X35 

Fic. 7. Enlarged portion of Fig. 6 showing the pycnidium and its spore content. 
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The mycelium appears to enter the crown buds mainly through the stomata 
of the young leaves while they are still folded in the buds and in contact 
with the soil and plant debris that accumulates on and around the crowns of 
the plants. 


Ascochyta imperfecta 

A fairly satisfactory level of infection was obtained when artificially 
inoculated Ladak alfalfa plants were incubated at 10° C for 21 days. Stained 
sections showed both mycelium and fruiting bodies of the fungus in and on 
elongating crown buds. A cross section through this material shows a 
pycnidium of A. imperfecta that has formed on one of the tiny leaves (Fig. 6). 
A highly magnified portion of the same microscope field (Fig. 7) shows the 
pycnidium and the underlying mycelium that has ramified the tissues both 
inter- and intra-cellularly. 


Discussion 


Histological examinations of stained sections of alfalfa crown buds that 
were inoculated with known isolates confirmed the role of these fungi in 
causing crown bud rot. 

Buds inoculated with R. solani were quickly ramified following penetration 
by hyphae arising from infection cushions. Extensive growth of the mycelium 
through the vessels provides proof of the means by which the fungus enters 
the crown tissue. 

F. acuminatum and F. avenaceum showed greater ability to cause crown 
bud rot at the intermediate temperature of 15° C than either R. solani or 
A. imperfecta. The degree of tissue disorganization caused by these fungi 
correlates well with the numbers of isolates recovered and with the annual 
peak in disease development, which occurs in the growing season (5). 

A. imperfecta infects and causes rotting of crown buds at soil temperatures 
comparable to those found early in the spring (2). The slow development 
of the disease is shown by the long incubation period required to produce 
even mild symptoms on alfalfa plants in the greenhouse. 
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STUDIES IN WOOD-INHABITING HYMENOMYCETES 
IV. THE GENUS CORIOLELLUS MURR.' 


ANJALI SARKAR? 


Abstract 


The six species, Coriolellus sepium (Berk.) Murr., the type of Coriolellus 
Murr., C. serialis (Fr.) Murr., C. malicola (Berk. & Curt.) Murr., C. hetero- 
morphus (Fr.) Bond. & Sing., C. variiformis (Peck) n. comb., and C. sinuosus (Fr.) 
n. comb., are similar in cultural characters and in the morphological characters 
of their sporophores and so constitute a homogeneous group. Detailed morpholo- 
gical and cultural descriptions of each of the species, together with the results 
of interfertility tests, are presented, along with a revised description of the 
genus, a description of its cultural characters, and diagnostic keys. 


Introduction 


In recent years, the identification of fungi that cause decay in wood on the 
basis of their cultural characters has found an important place in forest patho- 
logy. The method was suggested by Long and Harsch (11), who gave detailed 
cultural data for a number of species and showed that this information could 
be used in determining the cause of decays. Subsequently, Fritz (10), Snell 
(29), Cartwright and Findlay (6), Campbell (5), Davidson, Campbell, and 
Vaughn (8), Nobles (22), and others described the cultural characters of many 
wood-rotting fungi, giving criteria for their identification. _Mounce and 
Macrae (15, 16, 17), Nobles (21, 23), and others have proved that in certain 
groups of the Hymenomycetes, cultural characters are more precise than the 
morphological characters of the sporophores in separating the individual 
species from one another. Their studies have demonstrated the practicability 
of identifying sporophores and the fungi associated with rots by identifying 
the cultures isolated from them. 

Recently, Pinto-Lopes (27) made a comparative study of the anatomical 
structures in sporophores and cultures of 90 species and varieties of the 
family Polyporaceae. He found that in each species identical structures 
occurred in sporophores and cultures and he suggested that these hyphal 
characters might provide a reliable basis in taxonomy. The possible appli- 
cation of other cultural characters to the taxonomy of the Polyporaceae was 
considered by Nobles (24), who presented evidence that such characters 
could be used in delimiting genera and revising the current controversial 
classifications of the Polyporaceae, which are based on the morphological 
characters of the sporophores alone. In her paper, she has grouped species 
which are alike in certain cultural characters and has expressed the opinion 
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that these groups represent natural taxa. One such group of 12 species includes 
the six species treated in the present paper, Coriolellus sepium (Berk.) Murr., 
C. serialis (Fr.) Murr., C. malicola (Berk. & Curt.) Murr., C. heteromorphus 
(Fr.) Bond. & Sing., Portia sinuosa (Fr.) Cooke, and Trametes variiformis 
Peck. Similarities in the cultural and sporophore characters of the six species 
are demonstrated in the present paper and the homogeneous nature of the 
group is confirmed. 

Cultures of all six species give a negative test for extracellular oxidase, form 
white or yellowish mats composed of fiber hyphae and of nodose-septate 
hyphae which are at first all thin-walled but which may develop thick walls in 
which the thickening is irregular, often with refractive projections. The species 
usually fruit in culture, the basidiospores being hayline, even, cylindrical, 
flattened on one side or slightly curved. On the basis of the morphological 
characters of their sporophores also, they form a natural group in which the 
sporophores are white, whitish, or wood-brown, usually sessile or effused- 
reflexed, rarely resupinate, not easily separable from the substrate, with the 
upper surface azonate or indistinctly zonate, the context white or light brown, 
coriaceous or corky, composed of numerous fiber hyphae and rare nodose- 
septate hyphae which are mainly thick-walled with the thickening irregular, 
and with basidiopores hyaline, smooth, cylindrical, flattened on one side or 
slightly curved. Thus the evidence from both cultural and sporophore studies 
confirms the homogeneous nature of the group and justifies the recognition 
of a separate genus. 

Similarity in the morphological characters of the sporophores of five of the 
six species has already been observed by other authors. Murrill (18, 19, 20) 
recognized that the sporophores of a number of species are morphologically 
similar and erected the genus Cortolellus in which he included Coriolellus 
sepium (Berk.) Murr., the type, C. cuneatus Murr., C. sequoiae (Copeland) 
Murr., C. sertalis (Fr.) Murr., and C. malicola (Berk.) Murr. Bondarzew and 
Singer (4) accepted the generic concept of Coriolellus Murr. and assigned to 
it four additional species, C. squalens (Karst.) Bond. & Sing., C. flavescens 
(Bres.) Bond. & Sing., C. heteromor phus (Fr.) Bond. & Sing., and C. subsinuosus 
(Bres.) Bond. & Sing. They also included C. carbonarius (Berk. & Curt.) 
Bond. & Sing. of which, according to Overholts (26), C. sequoiae is a synonym. 
In 1953, Bondarzew (3) placed another five species under the genus, C. serpens 
(Fr.) Bond., C. campestris (Quél.) Bond., C. salicinus (Bres.) Bond., C. collicu- 
losus (Pers.) Bond., and C. ornatus (Peck) Bond. It should be noted also that 
Murrill (19) included Polyporus variiformis Peck under C. serialis. The type 
species of the genus Coriolellus is C. sepium which has been found, in the pre- 
sent investigation, to have cultural and morphological characters similar to 
those of the five other species of the genus included in the study. This provides 
further support for the inclusion of the four species which had been assigned 
previously to Coriolellus and warrants the transfer of the additional species, 
C. variiformis (Peck) nov. comb. and C. sinuosus (Fr.) nov. comb., to the 
genus. 
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In an early publication, Nobles (22) stated that the characters exhibited 
by wood-rotting Hymenomycetes in culture may be used only in the identi- 
fication of the species but not of the genus. However, from the present cultural 
study it is evident that in this group, although individual species exhibit 
certain specific characters, there are significant characters which are common 
to all the species and could undoubtedly be regarded as the generic characters 
of the group. Therefore an attempt has been made to describe those cultural 
characters and those characters of sporophores that distinguish the genus 
Coriolellus. 

In addition, the cultural studies of the group have made it possible to clarify 
the status of some of the species. As stated above, Murrill (19) considered 
Polyporus variiformis Peck to be a synonym of Coriolellus serialis. In the 
present investigation, these two species have been found to show no readily 
recognizable sporophore differences but cultural evidence and interfertility 
tests have proved their individuality. Bondarzew and Singer (4) transferred 
Polyporus sinuosus Fr. to Coriolus Quél., a genus whose type, C. versicolor 
(L. ex Fr.) Quél., and related species are characterized, according to Nobles 
(24), by having cultures that give a positive test for extracellular oxidase and 
that have mycelial mats composed of fiber hyphae and of nodose-septate 
hyphae that remain thin-walled. Thus Polyporus sinuosus, lacking these 
characters and showing cultural characters typical of the genus Coriolellus, 
as described above, finds its proper place in that genus rather than in the genus 
Coriolus. Hexagona carbonaria Berk. & Curt. and its synonym Trametes 
sequoiae Copeland were transferred to Coriolellus by Bondarzew and Singer 
(4) and Murrill (19) respectively but a preliminary examination of cultures of 
Trametes carbonaria (Berk. & Curt.) Overh. indicates that the species does not 
belong in Coriolellus since its nodose-septate hyphae lack the irregularly 
thickened walls which are a significant character of the genus. Similarly, 
Coriolellus ornatus (Peck) Bond., which in the opinion of Lowe (12) and 
Overholts (26) isa synonym of Portia subacida (Peck) Sacc., should be excluded 
from Coriolellus since cultures of P. subacida give a positive test for extracel- 
lular oxidase and lack the thick-walled nodose-septate hyphae which are 
typical of that genus. Cultures of other species that have been assigned to 
Coriolellus have not been available for study. 


Interfertility Tests 


The validity of interfertility tests for confirming identifications of cultures 
has now been fully recognized by the students of heterothallic Hymenomycetes. 
It is an accepted fact that in a heterothallic species, monosporous mycelia of 
one sporophore when paired in all possible combinations with the monosporous 
mycelia of another sporophore of the same species will, in each cross, produce 
mycelium bearing clamp connections. This complete interfertility has been 


taken as proof that the two sporophores belong to the same species. Vanden- 
dries (30) and Routien (28) reported interfertility between monosporous 
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mycelia derived from fruit bodies of different species but in these interspecific 
crosses, hyphae bearing clamp connections were formed in only a few pairings 
and were rare even in these. Conversely, it was reported by Mounce and 
Macrae (17), McKeen (13), Vandendries (31), and Barnett (2) that in Fomes 
pinicola (Sw.) Cooke, Peniophora mutaia (Peck) Hohn. & Litsch., Coprinus 
micaceus Fr., and Auricula auricula-judae (Fr.) Schrét., certain isolates were 
sterile or only partially fertile with some other isolates of the same species. 
However, complete fertility between the monosporous mycelia of different 
isolates provides strong evidence that they are conspecific. 

To confirm the identifications of the specimens under investigation, inter- 
fertility tests were made except in the case of Coriolellus malicola. More than 
200 single spores of this species were isolated and all developed nodose-septate 
hyphae. Hence the species is homothallic and is the first species of the Poly- 
poraceae known to have this type of interfertility. Of the remaining five 
species, C. serialis, C. heteromorphus, and C. variiformis have been reported 
by Mounce (14), Fries (9), and Nobles, Macrae, and Tomlin (25) as hetero- 
thallic, each showing the bipolar type of interfertility. The monosporous 
mycelia of the other two species, C. sepium and C. sinuosus, are simple- 
septate and presumably monokaryotic whereas the polysporous mycelia have 
clamp connections at all septa. Thus all the species except C. malicola are 
heterothallic and could be subjected to interfertility tests. The results of these 
tests are shown in Figs. 1 to 5, where a (+) sign designates the presence of 
clamp connections and a (—) sign their absence. Typical results of inter- 
fertility are shown in Figs. 1 and 2 where four monosporous mycelia of Corio- 
lellus serialis, DAOM F7353, formed hyphae bearing clamp connections when 
paired in all possible combinations with four monosporous mycelia of each 
of the isolates DAOM 10916 and 9520. This proves that the three isolates 
belong to the same species, C. serialis. 


10916 9520 16097 8439 
1234 1234 1234 123.4 

7353 \3[+[+]+]+] 7953 \3 [4 7953\3 [=[-]-[- 
4l-|-|-l- 
Fig. 1 Fig. 2 Fig. 3 Fig. 4 


Fics. 1, 2. Results obtained by pairing monosporous mycelia from three sporophores 
of Coriolellus serialis, DAOM 7353, 10916, and 9520. 

Fics. 3, 4. Results obtained by pairing monosporous mycelia of Coriolellus serialis 
DAOM 7353 with monosporous mycelia of C. variiformis DAOM 16097 and of C. hetero- 
morphus DAOM 8439. 


Figures 3 and 4, on the other hand, illustrate the typical results of sterility 
in intercollection pairings. Here four monosporous mycelia of DAOM F7353 
were paired in all possible combinations with monosporous mycelia of DAOM 
16097 and 8439 and the result obtained in each case was negative. This 
indicates that the two isolates are not C. serialis. 
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C. serialis C. variifore C. hetero- C. sinuosus C. sepium 
mi morphus 


7353 
9520 
+/+] 10728 
17236 
21393A 
8439 
11991 
17239 
11596 
17567 
52763 
31824 
52343 
52344 
52345 
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9520 
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21452B 
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16098 


21393A(— | * = 


9439 
11991 
17239 : = =i +|+ Li: 


11596 + |- 


52343 |- - = 

52344 |-|- -|-|- -|+ 
52345 [= |= = =lele 


Fig. 5 


Fic. 5. Results obtained by pairing series of monosporous mycelia from different 
sporophores of Coriolellus serialis, C. variiformis, C. heteromorphus, C. sinuosus, and 
. Sepium. 


The results obtained from all the interfertility tests are summarized in 
Fig. 5, where a (+) and a (—) sign have been used to denote compatibility 
and incompatibility respectively between two isolates. The absence of a 
sign in a square indicates that no cross was made. From the results of these 
interfertility tests, it was possible to identify nine isolates of Coriolellus 
serialis, three of C. heteromorphus, four of C. variiformis, three of C. sinuosus, 
and three of C. sepium. In Fig. 5, the groups of isolates of the different 
species are shown, the members of each group being interfertile among them- 
selves but sterile with the members of the other groups. 

Additional cultures which did not fruit and so could not be subjected to 
interfertility tests were identified by comparing them with isolates of which 
the identity had been established by interfertility tests, and by comparing 
the fruit bodies from which they were isolated with those which had yielded 
the cultures used in interfertility tests. Thus, by using interfertility tests and 
studies of cultural and morphological characters, the conspecificity of the 
isolates in each group has been proved. These cultures and fruit bodies were 
made the basis for the descriptions presented. 
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TABLE I 
DAOM No. Original No. Source Host Locality 
Coriolellus serialis 

*F7353 Robak — Sd. S Picea excelsa Oslo, Norway 

*9520 S Picea mariana Eagle Depot, P.Q. 

*10728 TP. sitchensis Queen Charlotte 

Islands, B.C. 

*10914 BPI 94023 R_ Prunus serotina Westline, Pa., U.S.A. 
10916 BPI 71265 R Acer rubrum Egle’s Mere, Pa., U.S.A. 
21452A Lowe 3478 S Pinus strobus N.Y. State, U.S.A. 
21452B Lowe 3478 R_ Pinus strobus N.Y. State, U.S.A. 

*22253 DAVFP 4935 S Populus trichocarpa Cinema, B.C. 

22431 Harmsen 203 R_ Telegraph pole Denmark 
*30508 Bagchee K123 T Pinus excelsa India 
*31833 Harmsen 3701 S_ Flooring joists Birkeréd, Denmark 
Coriolellus heteromorphus 
*8439 S  Pseudotsuga taxifolia Lumby, B.C. 
11991 BPI 71189 S Tsuga sp. 

*16620 DAVFP 4114 S_ Picea glauca Aleza Lake, B.C. 

*17239 S_ Abies balsamea Northwest River, Labrador 
21394 Lowe 3380 R= Conifer N.Y. State, U.S.A. 

*52324 DAVFP 5626 S Pinus ponderosa Kamloops, B.C. 

Coriolellus variiformis 

*16097 DAVFP 602 R= Pinus monticola Blue River, B.C. 

*16098 DAVFP 701 R = Tsuga heterophylla Blue River, B.C. 
16099 DAVFP 706 R_ Abies lasiocarpa Clearwater, B.C. 

*17236 R Picea mariana Cartwright, Labrador 
21393A Lowe 3379 S_ Conifer N.Y. State, U.S.A. 
21393B Lowe 3379 R= Conifer N.Y. State, U.S.A. 

*31964 S Conifer Warrensburg, N.Y., U.S.A. 

Coriolellus sinuosus 

*11596 S  Tsuga canadensis Old Chelsea, P.Q. 

*17567 S_ Picea sp. Swan River, Man. 
21396A Lowe 3383 S_ Conifer N.Y. State, U.S.A. 
21396B Lowe 3383 R Conifer N.Y. State, U.S.A. 

*52763 S Conifer Old Chelsea, P.Q. 

Coriolellus sepium 
11988 BPI 71876 S Quercus sp. Edinburg, Va., U.S.A. 
11989 BPI 71878 S = Quercus sp. Edinburg, Va., U.S.A. 

*11990 BPI 71964 S_ Post Port Republic, Md., U.S.A. 

*52343 BPI 103468 S St. Micheals, Md., U.S.A. 

*52344 BPI 103723 S Acer rubrum Portsmouth, Va., U.S.A. 

*52345 BPI 103730 S__ Liriodendron tulipiferae Portsmouth, Va., U.S.A. 

Coriolellus malicola 

*52342 BPI 86564 S Beltsville, Md., U.S.A. 

*52346 BPI 56437 R Hardwood State College, Pa., U.S.A. 

*52348 BPI 103228 S Carya sp. Columbia Co., Fla., U.S.A. 

Coriolellus sp. (?) 
*31823 Lowe 6308 S_ Pinus sp. Colorado, U.S.A. 
*31824 Lowe 6257 S_ Pinus sp. Colorado, U.S.A. 
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Materials and Methods 


Table I contains a list of the 40 isolates used in the present study with 
their accession numbers in the Department of Agriculture, Ottawa, Mycolo- 
gical Herbarium (DAOM) and the original numbers for those cultures received 
from other laboratories. An asterisk following a number indicates that both 
culture and sporophore were examined. Relevant information regarding the 
host and locality of collection of the sporophores and the source of the cultures, 
whether from the tissue of the sporophore (T), spores (S), or accompanying 
rot (R), is also supplied. 

As stated above, descriptions of sporophores and cultures are based on those 
for which the identification was verified by interfertility tests or by comparison 
of cultures. All cultures are in the culture collection and the fruit bodies of 
species other than C. malicola and C. sepium are deposited in the Mycological 
Herbarium, Department of Agriculture, Ottawa. The collections of the 
latter species were loaned for examination by Professor J. L. Lowe, Depart- 
ment of Forest Botany and Pathology, State University of New York, College 
of Forestry, Syracuse, N. Y., and by Mrs. F. F. Lombard, Beltsville Forest 
Disease Laboratory, United States Department of Agriculture, Plant Industry 
Station, Beltsville, Md. To determine the macroscopic and microscopic 
characters of the sporophores of a particular species, all the fruit bodies for 
which the identification had been confirmed by cultural studies were examined 
and the description prepared to cover the range of characters found in them. 
Preparations for microscopic study were made by cutting freehand sections 
and by teasing out the hyphae of different parts of the sporophore and mount- 
ing them in 7% aqueous solution of potassium hydroxide. When staining 
was required, an aqueous solution of phloxine was added to the mount. 

Since individual isolates of the same species often vary among themselves, 
the cultural descriptions of each species is based on the study of all the isolates 
in the culture collection. To make the descriptions complete, an attempt has 
been made to include the range of characters encountered. Unless other- 
wise stated, cultural studies were made by growing the mycelia on 1.2% 
Difco malt agar in 9-cm Petri dishes in the dark at room temperature. Obser- 
vations on the hyphal characters were made by examining the growing 
mycelia from different regions of the cultures from the periphery to the ino- 
culum, the observation being continued at regular intervals until no further 
changes in anatomical differentiation occurred. Preparations were always 
made by teasing the mycelia in an aqueous solution of potassium hydroxide 
and staining with phloxine in an aqueous solution. 


To determine the growth characters, the cultures were grown in quintuplicate 
in Petri dishes, each containing about 30 cc of Difco malt agar inoculated at 
the edge with a small inoculum cut from an actively growing culture 7 days old. 
Observations were made at weekly intervals for 6 weeks, photographs being 
made at the end of 2, 4, and 6 weeks. Records from the examinations in- 
cluded data on the rate of growth, character of the advancing zone, color 
and texture of the mat, the effect of the fungus on the color of the agar 
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(‘Reverse’), and the odor, the descriptive terms being those proposed by 
Long and Harsch (11) and Nobles (22). In addition, each isolate was grown 
on malt agar to which 0.5% gallic or tannic acid had been added, following 
the method described by Davidson, Campbell, and Blaisdell (7), the presence 
or absence of diffusion zones being recorded after 1 week. In describing the 
cultures and in preparing the key patterns, the author has followed the form 
and terminology used by Nobles (22). 


Identification of Sporophores of Coriolellus spp. 


Cortolellus Murr., Bull. Torrey Botan. Club, 32, 481 (1905). 

Sporophore white, whitish, or wood-brown, usually sessile or effused- 
reflexed, rarely resupinate, not easily separable from the substrate, the 
upper surface azonate or indistinctly zonate; context white or light brown, 
coriaceous or corky; in context and trama nodose-septate hyphae rare to 
numerous, rarely thin-walled, usually thick-walled, the thickening irregular, 
fiber hyphae numerous, mostly hyaline, occasionally light brown; basidio- 
spores hyaline, smooth, cylindrical, flattened on one side or slightly curved; 
associated rots of the brown cubical type; hosts usually coniferous trees, 
rarely broad-leaved trees. 


KEY TO THE SPECIES 


1. Pores very irregular, dentate; spores short, 3.0-4.5 uw long............ Coriolellus sinuosus 
Pores generally regular, sometimes irregular in some parts; spores more than 6.5 yw long. .2 
2. Context wood-brown or cream-brown, the fiber hyphae light brown; growing on broad- 


Context white or pale, the fiber hyphae hyaline; growing on coniferous trees or broad-leaved 


3. Cystidioles present; basidia usually with four, but occasionally with two, sterigmata with 
definite thickening of the walls at the base of some basidia and cystidioles; usually on 


broad-leaved trees, rarely on coniferous trees...................0ceeeee: C. sepium 
Cystidioles absent; basidia consistently thin-walled with four sterigmata; usually on 
coniferous trees, rarely on broad-leaved 4 

4. Pores typically large, 1 mm or more in diameter; basidiospores large, ge Ped long 

Pores smaller, averaging 1 to 3 per mm; basidiospores shorter, up to 9.5 wu long.. ee 

5. Pores 1 to 2 per mm; spores 7.0—9.5 long wariiformis 


Identification of cultures of Coriolellus spp. 


Coriolellus Murr. 

Cultures giving a negative test for extracellular oxidase; mycelial mats 
white or rarely slightly yellowish, composed of nodose-septate hyphae, at 
first thin-walled but developing irregularly thickened walls and refractive 
projections when mature, and fiber hyphae; pored fruit bodies produced in 
most isolates with structures identical with those of sporophores produced 
in nature. 


IKKEY TO THE SPECIES 


1. Thick-walled, nodose-septate hyphae of aerial mycelium contorted and irregular with nu- 
merous refractive projections on outer walls; usually on broad-leaved trees, rarely 
Thick-walled, nodose-septate hyphae of aerial mycelium more regular, with only rare 
projections; usually on coniferous trees, rarely on broad-leaved trees..............< 3 
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Chlamydospores present; in fruit bodies, cystidioles lacking; basidia thin-walled, bearing 
four sterigmata; hyphae of single-spore cultures nodose-septate. . Coriolellus malicola 
Chlamydospores absent; in fruit bodies, vystidioles present; basidia bearing two or four 
sterigmata; basidia and cystidioles frequently thick-walled at base; hyphae of single- 

3. Mat zonate, the zones at first composed of small woolly tufts in short radiating lines, 
the tufts finally coalescing to form compact felty zones; in fruit bodies, cystidioles 
present; basidiospores short cylindrical, not exceeding 4.5 win length............. 

Mat azonate, thin woolly to compact woolly, opaque but not felty; cystidioles lacking; 
Mat azonate, felty at 2 weeks of age in some isolates, later in others; cystidioles present 
or lacking; basidiospores less than 10.0 w in 4 

4. Growth slow, plates covered in 5 to 6 weeks; pored areas produced after 2 to 3 weeks, 
appearing first around the inoculum and soon extending over whole felty surface; 
thick-walled, nodose-septate hyphae broad, up to 7.3(—8.0) uw diameter; cystidioles 
Growth rate very slow to slow, plates covered in 6 weeks or more; pored areas usually 
produced after 4 or more weeks, appearing first around the inoculum; thick-walled 
nodose-septate hyphae rarely exceeding 4.0 uw diameter, occasionally up to 4.8 yw; 
cystidioles lacking; basidiospores 7.0-9.5 vartiformis 
Growth rate slow, plates covered in 6 weeks; irpiciform areas usually formed only after 
5 or 6 weeks, near the inoculum or in small areas on older part of mat; thick-walled 
nodose-septate hyphae up to 5.0 uw diameter; cystidioles present; basidiospores small, 


Description of Species 


Coriolellus serialis (Fr.) Murr., N. Am. FI. 9, 29 (1907). 

Polyporus serialis Fr., Syst. Myc. 1, 370 (1821). 

Trametes serialis Fr., Hym. Eur., p. 585 (1874). 

The description of sporophores of Coriolellus serialis, based on the seven 
collections listed in Table I for which both sporophores and cultures were 
available, agrees well with previously published descriptions but includes 
additional information about the hyphal components of the sporophores. 
The similarity between these hyphal characters ai’ those of C. sepium, the 
type of Coriolellus Murr., supports the inclusion oi the species in Coriolellus. 


DESCRIPTION OF SPOROPHORES 

Sporophores (Fig. 6) wholly resupinate or only slightly reflexed, coriaceous; pileus 0-1.0 X 
1.0-5.0 X 0.3-1.0 cm, flat or slightly convex above and concave below, frequently imbricate 
and laterally confluent; margin thin or thick, acute or obtuse, entire, slightly undulate, white 
or pale; upper surface white, cream-brown, or brown, indistinctly zonate, slightly pubescent 
in some specimens; context white, coriaceous, 1.0 mm or less thick; pore surface smooth, 
usually white, sometimes light brown; tubes white, 2.0-8.0 mm long, not separable from the 
substance of the context; pore mouths white or nearly so, circular to angular, in old specimens 
often becoming dentate, 2 to 3 per mm. 

HyYPHAL CHARACTERS (Fics. 28 to 34).—Four kinds of hyphae compose the sporophore: 
(a) thin-walled hyphae, hyaline, the contents staining, nodose-septate, occasionally branched, 
1.5-4.0 u diameter, numerous in mounts from growing margin but rare elsewhere (Fig. 28); 
(b) fiber hyphae with thick, hyaline, refractive walls, solid or with a narrow lumen which is 
often apparently discontinuous, apparently aseptate, the apex usually pointed, rarely slightly 
swollen, usually unbranched and regular except in the trama, where they are frequently 
branched and often contorted (Fig. 29d), 1.5-4.0 4 diameter, very numerous, making up 
most of the mounts from all parts of the sporophores (Figs. 29a to 29e); (c) hyphae with walls 
slightly thickened and lumen staining, apparently aseptate, usually unbranched, with pointed 
or slightly swollen apices, 1.5-3.5 wu diameter (Fig. 30), probably immature fiber hyphae; (d) 
thick-walled, nedose-septate hyphae, the walls irregularly thickened, the lumen narrow with 
contents staining or sometimes obliterated, branched or unbranched, 2.2-4.0 4 diameter 
(Fig. 31). In the context and trama, there are occasionally some segments of nonstaining, thin- 
or thick-walled, nodose-septate or aseptate hyphae (Figs. 32a, 32b) which are fragments of 
hyphae that have lost contents and so become nonstaining. Hymenium: (a) basidia narrow- 
clavate with basal clamp connection, bearing four sterigmata, 14.0-20.0 X 4.0-6.0 mu (Fig. 33); 
basidiospores hyaline, even, cylindrical, flattened on one side, apiculate, 6.5-8.5 X 2.5-3.5 mu. 
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Sporophores occur on dead wood, often on structural timbers, of coniferous or, more rarely, 
of broad-leaved trees, where they are associated with brown cubical decays. 


DESCRIPTION OF CULTURES 
Key Pattern: (1,2) 1 2 19 (1,2) 2 2 3 (1,2) 2 

GROWTH CHARACTERS (FIGs. 13, 14).—Growth slow, plates covered in 5 to 6 weeks. Advanc- 
ing zone even, hyaline and appressed in zone 1.0-1.8 cm broad. In DAOM 30508 and 31833 
mat at first appressed downy, then slightly raised, subfelty to thin felty, white, in other isolates 
the hyaline, appressed advancing zone changing abruptly to thin felty mycelium which forms 
the whole mat, with well-developed pored areas in most isolates, appearing first around the 
inoculum and then extending over the whole felty area within 2 to 3 weeks. Reverse unchanged. 
Odorless. On gallic acid agar no diffusion zone (or slight browning around the colony in some 
isolates), trace of growth or colony up to 1.9 cm diameter; on tannic acid agar no diffusion 
zone, no growth or only a trace. 


HyPHAL CHARACTERS (Fics. 35 to 43).—-Advancing zone: hyphae hyaline, thin-walled, the 
contents staining, nodose-septate, the clamp connections abundant, branched at or between 
septa, 1.5-4.5(-6.0) uw diameter (Figs. 35a, 35b). In most isolates, these hyphae branch 
repeatedly over short lengths, usually near the apices, thus producing witches’ brooms. Aerial 
mycelium: (a) hyphae as in advancing zone, frequently with numerous, small, thick-walled, 
refractive projections on the walls (Fig. 36), occasionally with parts of cells becoming empty 
by the withdrawal of cytoplasm, nonstaining, with wall slightly thickened, separated from 
living portion of cell by false simple septa (Figs. 37a, 37b); (b) thick-walled, nodose-septate 
hyphae, the thickening irregular, the lumen narrow and staining or completely obliterated 
in places, branched or unbranched, 2.2—6.5(—8.0) wu diameter (Fig. 39); (c) Geeks with walls: 
more or less uniformly thickened, the lumina staining, apparently aseptate or sometimes with 
a clamp connection at the base of a long, aseptate terminal cell, rarely branched, 1.5-4.0 u 
diameter, representing stages in the development of fiber hyphae (Fig. 38); (d) fiber hyphae 
nonstaining, with thick refractive walls, subsolid or solid, usually unbranched, 1.5-4.0 
(-5.0) « diameter (Figs. 40a, 406); (e) chlamydospores observed only in isolate DAOM 10916, 
ellipsoid, fairly thick-walled, with contents deeply staining, 15.0-20.0 XK 5.3-7.0u (Figs. 


u CO 


Fics. 28 to 43. Coriolellus serialis. Figs. 28 to 34. Microscopic structures from 
ag aga Fig. 28. Thin-walled nodose-septate hypha. Figs. 29a to 29e. Fiber hyphae. 

ig. 30. Immature fiber hypha. Fig. 31. Thick-walled, nodose-septate hypha. Figs. 32a, 
326. Nonstaining hyphae. Fig. 33. Basidia. Fig. 34. Basidiospores. Figs. 35 to 43. Mi- 
croscopic structures from cultures. Figs. 35a, 355. Hyphae from advancing zone. Fig. 36. 
Hypha with projections, from aerial mycelium. Figs. 37a, 37). Nonstaining hyphae. 
Fig. 38. Immature fiber hypha. Fig. 39. Thick-walled nodose-septate hypha. Fig. 40. 
Fiber hypha. Figs. 41a, 41b. Chlamydospores. Fig. 42. Basidia. Fig. 43. Basidiospores. 
All X800 except Figs. 33, 34, 42, 43, «1800. 
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Fics. 6 to 12. Sporophores. Fig. 6. Coriolellus serialis DAOM 9520. Fig. 7. C. 
heteromorphus DAOM 8439. Fig. 8. C. variiformis DAOM 17236. Fig. 9. C. sinuosus 
DAOM 17567. Fig. 10. C. sepium DAOM 52344. Fig. 11. C. malicola DAOM 52348, 
upper surface. Fig. 12. C. malicola DAOM 52348, pore surface. Figs. 6 to 10, X1, 11 
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41a, 415), usually in otherwise empty hyphae. Fruit body: (a) basidia narrow-clavate, each 
subtended by a clamp connection, 10.5-24.0 X 4.0-6.5 wu, bearing four sterigmata up to 6.5 wu 
long (Fig. 42); (b) basidiospores hyaline, even, cylindrical, apiculate, slightly flattened on one 
side, 6.5-8.5 X 2.5-3.5 uw (Fig. 43). Submerged mycelium: hyphae as in aerial mycelium but 
thick-walled types (5), (c), and (d) rare; (e) chlamydospores numerous in DAOM 10916, as 
described; (f) crystals abundant, large or small octahedral, small platelike, and irregular. 


Coriolellus heteromorphus (Fr.) Bond. & Sing., Ann. Mycol. 39, 60 (1941). 

Daedalea heteromorpha Fr. ex Fr., Syst. Myc. 1, 340 (1821). 

Trametes heteromorpha (Fr.) Bres. in Neuman, Wisconsin Geol. Nat. Hist. 

Survey Bull. 33, p. 40 (1914). 

In the present study, the three isolates of Coriolellus heteromorphus listed 
in Fig. 5, DAOM 8439, 11991, and 17239 as well as 52324, omitted from Fig. 
5, were shown to be interfertile. In preparing the following descriptions, the 
sporophores of DAOM 8439, 17239, 52324, and 16620 were examined and all 
six cultures listed in Table I. 


DESCRIPTION OF SPOROPHORES 

Sporophores (Fig. 7) usually entirely resupinate, rarely effused-reflexed, coriaceous or 
corky; pileus 0-2.0 X 1.5-6.0 X 0.5-1.0 cm, white to buff; margin thick, usually undulate; 
upper surface zonate with inconspicuous radiate striations; context white or pale buff, 1-3 mm 
thick; pore surface white or light buff; tubes white or straw-colored, 2.0-10.0 mm long, not 
separable from the substance of the context; pore mouths usually irregular, angular or hexag- 
onal, sometimes circular, 1-3 mm broad, the edges thick, entire or dentate. 

HyYPHAL CHARACTERS (Fics. 44 To 50).— Margin of pileus: (a) hyphae thin-walled, hyaline, 
nodose-septate, rarely branched, the contents staining, 2.5-4.0 u diameter (Figs. 44a, 44), 
making up most of mount; (b) fiber hyphae aseptate or with clamp connection at base of 
long aseptate end cell, unbranched or rarely branched, at first with walls uniformly thickened 
and lumen staining (Fig. 46), finally with very thick walls, subsolid to solid, with pointed 
apices, 2.0-4.0 uw diameter (Figs. 45a to 45d); (c) nodose-septate hyphae with walls irregularly 
thickened, the lumina narrow, staining, branched or not branched, 2.0—4.5 uw diameter (Figs. 
47a, 47b). In the growing margin of the pileus the hyphae are arranged somewhat loosely so 
that the tissue is more or less fibrillose. Context and trama: (a) thin-walled, nodose-septate 
hyphae as described but more frequently branched than those in the margin, often empty 
and nonstaining in short segments (Figs. 48a, 48b); (b) fiber hyphae as described, in over- 
whelming majority; (c) thick-walled nodose-septate hyphae as described, rare. Hymenium: 
(a) basidia narrow clavate with basal clamp connection, bearing four sterigmata, 12.0-27.0 
ie Fie oie 49); (b) basidiospores hyaline, even, cylindrical, apiculate, 10.0-13.0 X 3.5- 

(Fig. 50). 

Sporophores of C. heteromorphus occur usually on coniferous trees, occasionally on broad- 

leaved trees, and are associated with brown cubical decay. 


DESCRIPTION OF CULTURES 
Key Pattern: (1,2) 1219222 3(1,2) 2 


GROWTH CHARACTERS (Fics. 15, 18).—Growth slow, plates covered in 5 to 6 weeks. Advanc- 
ing zone even, hyaline and appressed in narrow zone, clearly delimited. Mat white, at first 
appressed downy, translucent, later becoming raised, uniformly thick, woolly or cottony- 
woolly, often zonate with age, with zones of more raised mycelium in newer growth or midwa 
across the colony, usually depressed in a narrow trough around the inoculum and with a roll 
of white woolly mycelium against side wall of Petri dish, becoming pored after 6 weeks in some 
isolates over zone of newest growth, the pores shallow with thick dissepiments. Reverse un- 
changed. Odor slight, fruity. On gallic and tannic acid agars no diffusion zones, trace of growth 
or colony up to 1.8 cm diameter on gallic acid agar, no growth on tannic acid agar. 


Fics. 13 to 27. Cultures grown on malt agar in the dark. Fig. 13. Coriolellus serialis, 
DAOM 7353, 2 weeks old. Fig. 14. C. serialis DAOM 7353, 6 weeks old. Fig. 15. C. hetero- 
morphus, DAOM 16620, 2 weeks old. Fig. 16. C. variiformis, DAOM 17236, 2 weeks old. 
Fig. 17. C. variiformis, DAOM 17236, 6 weeks old. Fig. 18. C. heteromorphus, DAOM 
16620, 6 weeks old. Fig. 19. C. sinuosus, DAOM 17567, 2 weeks old. Fig. 20. C. sinuosus, 
DAOM 17567, 6 weeks old. Fig. 21. C. sinuosus, DAOM 11596, 6 weeks old. Fig. 22. 
C. sepium, DAOM 52345, 2 weeks old. Fig. 23. C. sepium, DAOM 52345, 6 weeks old. 
Fig. 24. C. malicola, DAOM 52348, 2 weeks old. Fig. 25. C. sepium, DAOM 52344, 2 weeks 
old. nary C. sepium, DAOM 52344, 6 weeks old. Fig. 27. C. malicola, DAOM 52348, 

weeks old. 
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47b 


Fics. 44 to 57. Coriolellus heteromorphus. Figs. 44 to 50. Microscopic structures 
from sporophores. Figs. 44a, 44b. Thin-walled nodose-septate hyphae. Figs. 45a to 45d. 
Fiber hyphae. Fig. 46. Immature fiber hypha. Figs. 47a, 47b. Thick-walled nodose- 
septate hyphae. Figs. 48a, 48). Nonstaining hyphae. Fig. 49. Basidia. Fig. 50. Basidio- 
spores. Figs. 51 to 57. Microscopic structures from cultures. Figs. 51a, 51b. Hyphae from 
advancing zone. Fig. 52. Hypha with projections, from aerial mycelium. Figs. 53a, 530. 
Immature fiber hyphae. Fig. 54. Thick-walled nodose-septate hypha. Fig. 55. Fiber 
gor Fig. 56. Basidia. Fig. 57. Basidiospores. All 800 except Figs. 49, 50, 56, 
57, X 1800. 


HyPHAL CHARACTERS (Fics. 51 to 57).—Advancing zone: hyphae hyaline, thin-walled, 
staining, nodose-septate, the clamp connections abundant, fairly frequently branched at and 
between septa, producing witches’ brooms in some isolates by repeated branching at ends of 
hyphae, 2.2-4.5 w diameter (Figs. 51a, 51b). Aerial mycelium: (a) hyphae as in advancing 
zone, 1.5—4.5 « diameter, with numerous small, thick-walled projections (Fig. 52), occasionally 
becoming partially empty and nonstaining, the walls slightly thickened, with false simple 
septa formed by the recession of the cytoplasm; (+) nodose-septate hyphae with walls irregu- 
larly thickened, often breaking the continuity of the lumina, the lumina staining when present, 
2.2-6.0 uw diameter (Fig. 54); (c) hyphae with walls slightly thickened, apparently aseptate, 
arising as long terminal portions of nodose-septate hyphae, rarely branched, 2.2—3.0 u diameter 
(Figs. 53a, 53b), being immature fiber hyphae; (d) fiber hyphae hyaline, nonstaining, sub- 
solid or solid, rarely branched, 2.0-3.5 uw diameter, very numerous (Fig. 55). Fruit body: (a) 
basidia narrow-clavate, each with a clamp connection at its base, 12.0-28.0 XK 5.0-9.0 yu, 
bearing four sterigmata up to 6.5 uw long (Fig. 56); (b) basidiospores hyaline, even, cylindrical, 
apiculate, 10.0-13.0 X 3.5-4.8 uw (Fig. 57). Submerged mycelium: (a) thin-walled and (b) 
thick-walled nodose-septate hyphae as in aerial mycelium; (c) crystals numerous, octahedral, 
small platelike, and irregular. 


Coriolellus variiformis (Peck) nov. comb. 
Trametes variiformis Peck, N. Y. State Museum Ann. Rept. 54, 170 (1901). 
Polyporus variiformis Peck, N. Y. State Museum Ann. Rept. 42, 26 (1889). 
Coriolellus serialis (Fr.) Murr., N. Am. Fl. 9, 29 (1907) fide Murr. l.c. 
The description of sporophores of Coriolellus variiformis is based on the 
fruit bodies of DAOM 16097, 17236, and 31964 of Table I and the description 
of cultures is based on the cultures of all the isolates listed in that table. 
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DESCRIPTION OF SPOROPHORES 

Sporophores (Fig. 8) entirely resupinate or narrowly effused-reflexed, coriaceous on drying; 
pileus 0-0.8 X 1.0-4.5 X 0.1-0.3 cm; upper surface brown, somewhat pubescent, rugulose, 
zonate; context white, not more than 1 mm thick; margin acute or obtuse; pore surface white or 
nearly so, sometimes light brownish; tubes white or light brown, 1.0-5.0 mm long; pore mouths 
irregular, angular, sometimes somewhat daedaloid, 1-2 per mm, the edges thick, often becom- 
ing dentate. 

HyYPHAL CHARACTERS (Fics. 58 To 64).—The growing margin of the pileus consists of: (a) 
thin-walled hyphae, hyaline, staining, rarely branched, nodose-septate, 2.0-3.5 uw diameter 
(Figs. 58a, 586), numerous, making up most of mount; (6) fiber hyphae with very thick hyaline 
walls, solid or subsolid, usually unbranched, 2.0-4.0 uw diameter (Figs. 59a to 59d); (c) hyphae 
with walls slightly thickened, uniform, rarely branched, nodose-septate at the base but with 
long aseptate ends, 2.0-3.5 uw diameter (Fig. 60), apparently incompletely differentiated fiber 
hyphae; (d) nodose-septate hyphae with walls irregularly thickened, the lumina often dis- 
continuous, staining, branched or unbranched, 2.0-4.5 uw diameter (Fig. 61). The context and 
trama consist of thin- and thick-walled hyphae similar to those in the margin but the thick- 
walled hyphae predominate and these are frequently branched in the trama. Nonstaining 
fragments of all types of hyphae, which are undoubtedly dead portions of living hyphae, are 
occasionally observed (Figs. 62a, 626). Hymenium: (a) basidia narrow-clavate, each with a 
clamp connection at its base, 12.0-27.0 X 4.8-8.0 uw, bearing four sterigmata (Fig. 63); (b) 
basidiospores hyaline, even, usually one-guttulate, cylindrical, 7.0-9.5  2.5-3.5 wu (Fig. 64). 

Coriolellus variiformis has been occasionally reported on broad-leaved trees but usually 
occurs on coniferous trees, where it is associated with a brown cubical rot. 


DESCRIPTION OF CULTURES 
Key Pattern: (1,2) 1 2 1 9 2 2 2 (3,4) (1,2) 2 

GROWTH CHARACTERS (FIGs. 16, 17).—Growth slow to very slow, plates covered in 6 weeks 
or radius up to 5.5 cm or more in 6 weeks. Advancing zone nearly even, hyaline and appressed, 
with scattered fine fibers so that limit of growth is indistinct. Mat in zone of newest growth 
appressed downy to thin woolly, almost translucent, forming more compact white dots which 
finally coalesce to produce white to pale pinkish buff, thick, felty-pellicular areas over older 
part, with pored areas in some isolates after 5 or 6 weeks, at first over the inoculum, later 
covering the felty areas. Reverse unchanged. Odor strong, unpleasant. On gallic and tannic 
acid agars no diffusion zones (may be slight browning below inoculum), colonies up to 1.4 cm 
on gallic acid agar, no growth or only a trace on tannic acid agar. 


Fics. 58 to 71. Coriolellus variiformis. Figs. 58 to 64. Microscopic structures from 
sporophores. Figs. 58a, 58. Thin-walled nodose-septate hyphae. Figs. 59a to 59d, 60. 

iber hyphae. Fig. 61. Thick-walled nodose-septate hypha. Figs. 62a, 626. Nonstaining 
hyphae. Fig. 63. Basidia. Fig. 64. Basidiospores. Figs. 65 to 71. Microscopic struc- 
tures from cultures. Fig. 65. Hypha from advancing zone. Fig. 66. Hypha with pro- 
jections from aerial mycelium. Fig. 67. Immature fiber hypha. Fig. 68. Thick-walled 
nodose-septate hypha. Fig. 69. Fiber hypha. Fig. 70. Basidia. Fig. 71. Basidiospores. 
All 800 except Figs. 63, 64, 70, 71, 1800. 
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HypPHAL CHARACTERS (Fics. 65 To 71).—Advancing zone: hyphae hyaline, thin-walled, 
staining, nodose-septate, moderately frequently branched at and between septa, 1.5-4.0 u 
diameter (Fig. 65). Aerial mycelium: (a) hyphae as in advancing zone but with numerous thick- 
walled, refractive projections (Fig. 66); (b) thick-walled, nodose-septate hyphae, the thicken- 
ing very irregular, the lumina reduced and often lacking, staining when present, 2.2-4.0 
(-4.8) uw diameter (Fig. 68); (c) fiber hyphae with walls at first slightly and uniformly thick- 
ened and the lumina then staining, finally subsolid or solid, occasionally branched, with pointed 
apices, 1.5-4.0 u diameter (Figs. 67, 69). Fruit body: (a) basidia narrow-clavate, each sub- 
tended by a clamp connection, 12.0-22.0 X 4.0-8.0 uw, bearing four sterigmata up to 6.0u 
long (Fig. 70); (b) basidiospores hyaline, even, short-cylindrical, somewhat flattened on one 
side, apiculate, 7.0-9.5 X 2.5-3.5 uw (Fig. 71). Submerged mycelium: (a) thin-walled and (b) 
thick-walled nodose-septate hyphae as in aerial mycelium; (¢c) crystals numerous, octahedral, 
small platelike, and irregular. 


Coriolellus sinuosus (Fr.) nov. comb. 

Polyporus sinuosus Fr., Syst. Myc. 1, 381 (1821). 

Poria sinuosa (Fr.) Cooke, Grev. 14, 113 (1886). 

Coriolus sinuosus (Fr.) Bond. & Sing., Ann. Mycol. 39, 59 (1941). 

The following description of sporophores of Coriolellus sinuosus was based 
on the examination of three sporophores for which cultures were available, 
as listed in Table I. These cultures were interfertile, as shown in Fig. 5, 
and they with two additional cultures, for which sporophores were not avail- 
able, were made the basis for the description of the cultural characters of the 
species. As stated above, the species was transferred by Bondarzew and 
Singer (4) to the genus Coriolus Quél., whose type, C. versicolor (L. ex Fr.) 
Quél., and related species fall in Nobles’ (24) Key Section 45. Cultures of 
this group of species are distinguished by the production of extracellular 
oxidase and the presence of nodose-septate hyphae and fiber hyphae. Cultures 
of Coriolellus sinuosus lack extracellular oxidase and have, in addition to nodose- 
septate hyphae and fiber hyphae, the characteristic nodose-septate hyphae 
with irregularly thickened walls of Coriolellus sepium, the type of Coriolellus 
Murr., and related species. Hence it must be assigned to the genus Coriolellus. 


DESCRIPTION OF SPOROPHORES 

Sporophores (Fig. 9) resupinate, widely effused, rigid when dry but becoming tough and 
coriaceous when moistened; margin narrow, pale cream or whitish; pore surface white to yellow- 
ish, usually becoming light to dark brown when dry, the pore mouths at first circular to angular, 
1 to 3 per mm, soon becoming irregular, sinuate, irpiciform, or deeply incised, the edges thin; 
context (or subiculum) white or pale cream, thin, 0.1-0.3 mm thick. 

HyPHAL CHARACTERS (FiGs. 72 to 78).—Margin of pileus: (a) hyphae thin-walled, hyaline, 
the contents staining, nodose-septate, branched, 2.2-3.0 u diameter (Fig. 72), making up most 
of mount; (6) fiber hyphae thick-walled, subsolid or solid, usually unbranched, 2.2-4.0 u 
diameter (Figs. 73a, 73b), rare in margin; (c) hyphae with walls more or less uniformly thick- 
ened, the lumina staining, arising as long, aseptate terminal cells of nodose-septate hyphae, 
probably immature fiber hyphae, 2.2—3.0 4 diameter (Fig. 74); (d) nodose-septate hyphae with 
walls irregularly thickened, lumina narrow or often obliterated, staining when present, 
3.0-4.5 uw diameter (Figs. 75a, 755). Context and trama: the four types of hyphae desc?ibed 
above with the fiber hyphae predominating, the nodose-septate hyphae with walls irregularly 
thickened, rare and often difficult to find. In the trama, some nodose-septate hyphae with 
thin or slightly thickened walls and empty, nonstaining lumina are undoubtedly dead seg- 
ments of hyphae of types (a) and (c) (Fig. 76). Hymenium: (a) cystidioles hyaline, thin-walled, 
the contents staining, somewhat lanceolate-shaped, 18.0-22.0  3.5-3.8u (Fig. 77); (0) 
basidia clavate, 3.0-5.0 u diameter. 

Coriolellus sinuosus occurs on the wood of coniferous trees. 
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DESCRIPTION OF CULTURES 


Key Pattern: 2 1 2 19 (1,2) 22 3 (1,2) 2 


GROWTH CHARACTERS (Fics. 19 To 21).—Growth moderately rapid to slow, plates covered 
in 4 to 6 weeks. Two different types of growth occurred, DAOM 17567, 21396 A and B, and 
52763 showing the type of growth described under (A) below, DAOM 11596 showing the type 
of growth described under (B). Type (A) (Figs. 19, 20): Advancing zone even, hyaline and 
appressed or slightly raised with aerial mycelium uniform to limit of growth, becoming bayed 
in some isolates, forming small fan-shaped sectors. Mat white, uniformly woolly at first, soon 
developing one or more incomplete zones in the region of newest growth, in which small, raised 
tufts of hyphae, at first discrete and scattered along short radiating lines, coalesce to form 
compact and felty areas which, in most isolates, develop pores after 5 to 6 weeks. Type (B) 
(Fig. 21): Advancing zone even, hyaline and appressed. Mat white, thin woolly in newest 
growth and woolly-felty in the older part, gradually becoming more compact and finally form- 
ing a uniform, subfelty to felty surface throughout, with pores, which are more or less irpiciform 
from the beginning, appearing near the inoculum or in small areas in the older part of the mat 
within 5 to 6 weeks. In both types of growth, compact lumps of white cottony mycelium grow 
against the side wall or lid of t!e Petri dish. Reverse unchanged. Odorless. On gallic and 
tannic acid agars, no diffusion zones, colonies 1.3-2.5 cm diameter on gallic acid agar, no 
growth on tannic acid agar. 

HyYPHAL CHARACTERS (Fics. 79 To 87).—Advancing zone: hyphae hyaline, thin-walled, 
the lumina staining, nodose-septate, frequently branched at and between septa, 2.2—4.0 
(-6.0) wu diameter (Fig. 79). Aerial mycelium: (a) thin-walled, nodose-septate hyphae as in 
the advancing zone but frequently with thick-walled, refractive projections (Fig. 80); (b) 
nodose-septate hyphae as described, with walls slightly and uniformly thickened, 2.0-4.0 u 
diameter, with long, unbranched terminal cells which are probably immature fiber hyphae 
(Figs. 81a, 816); (c) nodose-septate hyphae with walls irregularly thickened and lumina often 
obliterated, staining when present, 2.5-5.0 u diameter (Fig. 82); (d) fiber hyphae thick-walled, 
subsolid or solid, rarely branched, 2.0-5.5 w diameter (Figs. 83a, 83b); (e€) chlamydospores 
observed only in isolate DAOM 21396B, ellipsoid, thin-walled, intercalary, with contents 
staining deeply, 14.3-22.0 XK 5.3-7.5 uw (Figs. 84a, 84). Fruit body: (a) cystidioles hyaline, 
thin-walled, narrow-lanceolate, 17.0-20.0 X 3.5-4.0 u (Fig. 87); (b) basidia narrow clavate, 
each subtended by a clamp connection, 10.0-15.0 K 3.0-5.0 (—6.0) u, bearing four sterigmata 
(Fig. 85); (c) basidiospores hyaline, even, short cylindric, slightly curved, 3.0-4.5 K 1.5-2.2 u 
(Fig. 86). Submerged mycelium: nodose-septate hyphae, types (a), (b), and (c) as in aerial 
mycelium; (d) chlamydospores as described, fairly numerous in isolate DAOM 21396B; (e) 
crystals numerous. 


Fics. 72 to 87. Coriolellus sinuosus. Figs. 72 to 78. Microscopic structures from 
sporophores. Fig. 72. Thin-walled nodose-septate hypha. Figs. 73a, 73b. Fiber hyphae. 
Fig. 74. Immature fiber hypha. Figs. 75a, 75b. Thick-walled nodose-septate hyphae. 
Fig. 76. Nonstaining hypha. Fig. 77. Cystidioles. Fig. 78. Basidia. Figs. 79 to 87. 
Microscopic structures from cultures. Fig. 79. Hyphae from advancing zone. Fig. 80. 
Hypha with projections, from aerial mycelium. Figs. 81a, 81). Immature fiber hyphae. 
Fig. 82. Thick-walled nodose-septate hypha. Figs. 83a, 83). Fiber hyphae. Figs. 84a, 
846. Chlamydospores. Fig. 85. Basidia. Fig. 86. Basidiospores. Fig. 87. Cystidioles. 
All X800 except 77, 78, 85 to 87, X 1800. 
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Coriolellus sepium (Berk.) Murr., Bull. Torrey Botan. Club, 32, 481 (1905). 

Trametes sepium Berk., London J. Botany, 6, 322 (1847). 

= Coriolellus albidus (Fr.) Bond., Trutovye Griby, p. 504 (1953) fide Bond. 

lc. 

The polysporous cultures of Coriolellus sepium listed in Table I, on which 
the description of the cultural characters of the species is based, and the 
monosporous cultures of DAOM 52343, 52344, and 52345 used in the pairings 
in Fig. 1, were provided by Mrs. F. F. Lombard and Dr. H. H. McKay, 
Beltsville Forest Disease Laboratory, U. S. Department of Agriculture. 
Two additional cultures, DAOM 31823 and 31824 (Lowe 6308 and 6257), 
were from specimens collected on Pinus sp. in Colorado by Professor J. L. 
Lowe and tentatively identified by him as Trametes sepium. Single spore 
cultures were obtained from a sporophore produced by culture DAOM 31824 
and these were paired with single spore cultures of DAOM 52343, 52344, 
and 52345, isolates from sporophores of Coriolellus sepium on broad-leaved 
trees, and also with representative cultures of C. serialis, C. vartiformis, 
C. heteromorphus, and C. sinuosus. The results, presented in Fig. 5, show that 
the isolate DAOM 31824 is completely incompatible with all the isolates, 
which indicates that it belongs to a species distinct from the species under 
investigation. The following descriptions of sporophores and cultures agree 
closely with those presented in a recent paper by Bakshi, Singh, and Gibson (1). 


DESCRIPTION OF SPOROPHORES 

Sporophores (Fig. 10) resupinate, sessile, or effused-reflexed, sometimes imbricate, coriaceous; 
pileus 0-1.3 X 0.8-5.5 X 0.2-0.5 cm; upper surface almost white or often pale wood color, gla- 
brous, azonate or indistinctly zonate; margin entire, acute, fertile below; context whitish, 
tough and corky, up to 1.5 mm thick; pore surface pale wood color; pore mouths usually 
circular, sometimes angular or slightly sinuous, 1-2 per mm, the edges thin to moderately 
thick, entire; tubes pale wood color, 2-7 mm long. 


HyPHAL CHARACTERS (FIGs. 88 To 94).—The growing margin of the pileus consists of: (a) 
hyaline hyphae, thin-walled, the contents staining, nodose-septate, rarely branched, 2.2-3.8 wu 
diameter (Figs. 88a, 88>), making up most of mounts; (}) fiber hyphae hyaline, nonstaining, 
the walls very thick, solid or subsolid, apparently aseptate, rarely branched, 2.2-4.0 uw 
diameter (Figs. 89a, 89b), rare; (c) hyphae with walls uniformly thickened, the lumina 
staining, with basal clamp connection and long, apparently aseptate terminal cell, rarely 
branched, 2.2—3.4 w diameter, interpreted as early stages of fiber hyphae (Fig. 90); (d) nodose- 
septate hyphae with walls irregularly thickened so that lumina are often obliterated, branched 
or unbranched, 2.2-4.5 w diameter (Figs. 91a, 91)). The context and trama are composed 
of the four types of hyphae present in the margin, with the thick-walled fiber hyphae in 
the majority. Hymenium: (a) cystidioles hyaline, the walls thin or somewhat thickened, 
the contents staining, somewhat lanceolate- shaped, 17.5-24.0 XK 4.5-8.0 4, mostly found 
in the non-sporulating parts of the hymenium (Fig. 92); (5) basidia narrow-clavate, each sub- 
tended by a clamp connection, mostly thin-walled but some definitely laterally thick-walled, 
particularly at the base, 18.0-24.0 x 5.0-9.0 wu, usually bearing four, rarely two sterigmata 
up to 6.0 uw long (Fig. 93); (c) basidiospores hyaline, even, cylindric-ellipsoid, apiculate, 6.0- 
11.0 X 3.2-4.5 p (Fig. 94). 

Coriolellus sepium usually occurs on broad-leaved trees, occasionally on conifers, and is 
associated with a brown cubical decay. 


DESCRIPTION OF CULTURES 
Key Pattern: (1,2) 12 19 1 2 2 (2,3) (1,2) 2 

GROWTH CHARACTERS (FIGs. 22, 23, 25, AND 26).—Growth moderately slow to slow, plates 
covered in 4 to 5 weeks. Advancing zone even, very slightly raised, with aerial mycelium uni- 
form to limit of growth or appressed in some sectors in isolate DAOM 52344. Mat very 
slightly raised in newest growth, fine farinaceous, downy-woolly, or fine woolly, becoming 
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Fics. 88 to"102. Coriolellus sepium. Figs. 88 to 94. Microscopic structures from sporo- 
agg Figs. 88a, 88). Thin-walled nodose-septate hyphae. Figs. 89a, 89b. Fiber hyphae. 

ig. 90. Immature fiber hypha. Figs. 91a, 91b. Thick-walled nodose-septate hyphae. 
Fig. 92. Cystidioles. Fig. 93. Basidia. Fig. 94. Basidiospores. Figs. 95 to 102. Micro- 
scopic structures from cultures. Fig. 95. Hypha from advancing zone. Fig. 96. Hypha 
with projections from aerial mycelium. Fig. 97. Immature fiber hypha. Fig. 98. Thick- 
walled nodose-septate hypha. Figs. 99a, 99). Fiber hyphae. Fig. 100. Cystidioles. Figs. 
ry 101b. Basidia. Fig. 102. Basidiospores. All X800 except 92 to 94, 100 to 102, X 


appressed, subfelty, all thin and translucent, soon developing conspicuous narrow to broad 
zones of pure white, woolly-felty mycelium; isolate DAOM 52344 forming a more uniform, 
felty surface with inconspicuous lines of more compact mycelium radiating from the inoculum, 
with pored areas developing on most isolates after 3 to 5 weeks, the dissepiments thick. Reverse 
unchanged. Odor sweet, fruity. On gallic and tannic acid agars, no diffusion zones, colonies 
1.8-2.5 cm diameter on gallic acid agar, no growth or colonies up to 1.0 cm diameter on tannic 
acid agar. 


HyPHAL CHARACTERS (FiGs. 95 To 102).—Advancing zone: (a) hyphae hyaline, thin-walled, 
staining, nodose-septate, frequently branched at and between septa, 2.2—4.0(—5.0) 4 diameter 
(Fig. 95). Aerial mycelium: (a) hyphae as in the advancing zone but with abundant, thick- 
walled, refractive projections on the walls (Fig. 96); (6) hyphae with walls uniformly thickened 
and contents staining, with basal clamp connections and long, apparently aseptate terminal 
cells, unbranched and branched, 1.5-3.0 u diameter, being early stages of fiber hyphae (Fig. 
97); (c) nodose-septate hyphae with walls very irregularly thickened, lumina staining when 
present but often obliterated, with thick-walled, refractive projections on walls, 2.2-6.0 u 
diameter (Fig. 98); (d) fiber hyphae hyaline, subsolid or solid, usually unbranched, curving 
and interwoven, 2.2—4.0 uw diameter (Figs. 99a, 99b). Fruit body: (a) cystidioles lanceolate- 
shaped, each subtended by a clamp connection, at first thin-walled, usually becoming thickened 
laterally, especially near the base, 12.0-22.0(-30.0) X 4.0-6.0 u (Fig. 100); (b) basidia narrow 
clavate, sometimes somewhat expanded at the apex, each with a clamp connection at the base, 
usually laterally thick-walled, especially at the base, 18.0-28.0(-32.0) X 5.0-8.0 wu, bearing 
four or, occasionally, two sterigmata (Figs. 101a, 101); (c) basidiospores hyaline, even, cylin- 
dric-ellipsoid, apiculate, (6.0-)7.0-11.0 X 3.2-4.5 mu (Fig. 102). Submerged mycelium: (a) 
thin-walled and (b) thick-walled, nodose-septate hyphae as in aerial mycelium; (c) crystals 
numerous, small octahedral, short columnar, and irregular. 
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Coriolellus malicola (Berk. & Curt.) Murr., Mycologia, 12, 20 (1920). 
Trametes malicola Berk. & Curt., Acad. Nat. Sci. Phila. J. II, 3, 209 (1856). 
The description of sporophores of Coriolellus malicola is based on the three 

collections listed in Table I, all supplied by the Beltsville Forest Pathology 

Laboratory, U. S. Department of Agriculture. Two of these were identified 

by Professor J. L. Lowe, the third by Dr. A. S. Rhoads and all agree well with 

the published descriptions of the species. 


DESCRIPTION OF SPOROPHORES 

Sporophores (Figs. 11 and 12) effused-reflexed or entirely resupinate, corky; pileus 0-1.5 X 
1.0-5.5 X 0.2-0.8 cm; upper surface cream-brown to wood-brown, glabrous, faintly zonate; 
margin thin or thick, fertile below; context light brown, corky, 1.0-3.0 mm thick; pore surface 
smooth, cream-brown to wood-brown; tubes light brown, often in two or three layers, 2.0- 
4.0 mm long, not separable from the substance of the context; pore mouths circular or angular, 
sometimes slightly dentate, entire, averaging 1.5—-2.5 per mm. 

HyPHAL CHARACTERS (Fics. 103 To 108).—The growing margin of the pileus consists of: 
(a) hyaline hyphae, staining, nodose-septate, branched, 2.5-3.8 u diameter, not numerous 
(Figs. 103a, 1036); (b) hyphae with walls uniformly thickened, the contents staining, apparently 
aseptate, usually unbranched, with pointed or slightly swollen apices, 3.0-4.5 w diameter 
(Figs. 104a, 104), interpreted as immature fiber hyphae; (c) fiber hyphae hyaline or slightly 
brownish, rarely branched, 2.2-5.0 u diameter (Fig. 105), numerous; (d) nodose-septate hyphae 
with walls irregularly thickened, branched or unbranched, 3.0-4.0 u diameter (Fig. 106). 
The context and trama are composed of the four types of hyphae described above, the thin- 
walled, nodose-septate hyphae being plentiful in the trama. Hymenium: (a) basidia clavate, 
subtended by a clamp connection, 14.0-24.0 X 6.4-8.0 4, not found with sterigmata and 
spores in the specimens examined (Fig. 107); (6) basidiospores hyaline, even, cylindrical, 
apiculate, 7.5-10.4 X 3.0-4.0 uw (Fig. 108). 

Coriolellus malicola occurs on broad-leaved trees, where it is associated with a brown cubical 
decay. 

DESCRIPTION OF CULTURES 
Key Pattern: 1 1 2 19 1 2 2 (3,4) (1,2) 2 
GROWTH CHARACTERS (FIGs. 24, 27).—Growth slow to very slow, plates covered in 6 weeks 


or radius 8.2 cm or more in 6 weeks. Advancing zone usually even, the growth sometimes 
appearing to be inhibited in some sectors, slightly raised (discernible only under the micro- 


S 
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et Fics. 103 to 116. Coriolellus malicola. Figs. 103 to 108. Microscopic structures from 
Be sporophores. Figs. 103a, 1036. Thin-walled nodose-septate hyphae. Figs. 104a, 1046. Im- 
mature fiber hyphae. Fig. 105. Fiber hypha. Fig. 106. Thick-walled nodose-septate hypha. 

Fig. 107. Basidia. Fig. 108. Basidiospores. Figs. 109 to 116. Microscopic structures from 
cultures. Figs. 109a, 109). Hyphae from advancing zone. Fig. 110. Hypha with pro- 
jections from aerial mycelium. Fig. 111.. Immature fiber hypha. Figs. 112a, 1126. Fiber 

2 E. hyphae. Fig. 113. Thick-walled nodose-septate hypha. Fig. 114. Chlamydospores. Fig. 
ee 115. Basidia. Fig. 116. Basidiospores. All X800 except Figs. 107, 108, 115, 116, 1800. 
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scope), aerial mycelium extending to limit of growth. Mat at first loosely arranged, woolly, 
soon becoming more compact, uniformly white woolly-cottony or woolly-felty, often with 
inconspicuous zones of thicker mycelium, with extensive pored areas after 3 weeks in isolate 
DAOM 52348. Reverse unchanged. Odor pungent. On galiic and tannic acid agars, no 
diffusion zones, colonies 1.5—2.0 cm diameter on gallic acid agar, trace of growth to 0.8 cm on 
tannic acid agar. 


HyYPHAL CHARACTERS (FIGs. 109 To 116).—Advancing sone: hyphae hyaline, thin-walled, 
staining, nodose-septate, branched moderately frequently at and between septa, 2.2-4.5 yu di- 
ameter (Figs. 109a, 1095). Aerial mycelium: (a) hyphae as in advancing zone but often with 
numerous thick- walled, refractive projections on the walls (Fig. 110); (6) hyphae with walls 
slightly thickened, the lumina staining, with long terminal cells, 1.5—3.0 u diameter, inter- 
preted as immature fiber hyphae (Fig. 111); (c) fiber hyphae with thick, solid or subsolid walls, 
occasionally branched, 1.5-3.0(—6.0) u diameter (Figs. 112a, 1126); (d) nodose-septate hyphae 
thick-walled with very irregular thickening, the lumina often obliterated, with abundant thick- 
walled, refractive projections on the walls, 2.2-6.0 uw diameter (Fig. 113); (e) chlamydospores 
numerous, thick-walled, deeply staining, ellipsoid, (8.0-)12.0-14.0 x 5.0-9.0 (Fig. 114). 
Fruit body: (a) basidia narrow-clavate, each subtended by a clamp connection, 15.0-22.0 X 
5.0-7.0 u, bearing four sterigmata (Fig. 115); (5) basidiospores hyaline, even, cylindrical, 
apiculate, 7.2-10.4 X 3.0-4.0 uw (Fig. 116), germinating to give nodose-septate hy phae. Sub- 
merged mycelium: (a) thin-walled and (6) thick-walled nodose-septate hyphae as in aerial 
mycelium; (c) chlamydospores as in aerial mycelium, fairly numerous; (d) crystals numerous, 
octahedral and irregular. 
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A RING CHROMOSOME IN AN F,; HYBRID BETWEEN 
WHEAT AND AGROPYRON! 


KoIcH1Ro TSUNEWAK?? 


Abstract 


A plant having 41 normal rod-shaped chromosomes and a ring chromosome 
was found among hexaploid F, hybrids from a wheat-—Agropyron cross. Cyto- 
logical investigations were carried out to determine the mitotic behavior of this 
ring chromosome. 

The investigations revealed that most of the possible products of the breakage— 
fusion—bridge cycle known to occur in a ring chromosome were present in root tip 
cells. The fact that a rod-shaped chromosome is not derived from a ring chromo- 
some in the cycle was confirmed, because no metaphase cells examined had 42 or 
more rod-shaped chromosomes. 

About 80% of the ring chromosomes were eliminated from the root tips of the 
seedling after 26 days. The size of the ring chromosome did not appear to influ- 
ence the rate of elimination. The polyploid nature of the plant may account for 
the rapid, non-differential elimination of this chromosome. 


Introduction 


Owing to their unique mitotic behavior, the ring chromosomes found in 
maize, Drosophila, and tobacco have proved to be excellent material, partic- 
ularly, for the study of somatic variegation and the genetic effect of homozy- 
gous deficiencies. The mitotic behavior of the ring chromosome has been 
thoroughly analyzed in maize by McClintock (3, 4, and 5). It is characterized 
by the chromosome type of breakage-fusion—bridge cycle. Ring chromosomes 
change in size and number during the cycle but, if retained, always reproduce 
ring chromosomes. A small ring chromosome is eliminated more frequently 
than a large one. The breakage—fusion—bridge cycle of a ring chromosome 
has been confirmed to some extent by the work of Morgan (6) and Braver 
and Blount (1) in Drosophila, Stino (10) in tobacco, and Schwartz (9) in maize. 

In Agropyron, Hair (2) discovered a ring chromosome that was derived 
from a dicentric chromosome of A. scabrum. The author found a ring chromo- 
some believed to be of Agropyron origin in a wheat-Agropyron F, hybrid. 

Chromosome behaviors are not always the same in diploid and polyploid 
organisms. It, therefore, is necessary to study the mitotic behavior of a ring 
chromosome in a polyploid and to compare it with their known behavior in 
diploids such as maize and Drosophila. Upon finding a ring chromosome in 
the hexaploid hybrid mentioned above, efforts were made to determine the 
mitotic behavior of this chromosome with respect to its breakage—fusion— 
bridge cycle and its rate of elimination in mitosis. 

1Manuscript received June 18, 1959. 
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Materials and Methods 


The plant, in which ring chromosomes were found, was an F; hybrid between 
Triticum aestivum L. (2n = 42) and Agropyron glaucum Roem. and Schult. 
(2n = 42). Root tips were collected from the plant 31 and 57 days after 
seeding, pretreated at 0° C for 24 hours, and fixed in 1:3 acetic alcohol. 
Cytological preparations were made by means of the Feulgen squash method. 


Results 


Cytological Behavior of A. glaucum 

Progeny tests revealed that the cytological behavior of A. glaucum was 
rather irregular. The results of investigations of the somatic chromosome 
number of A. glaucum and its hybrids with two wheat species are shown in 
Table I. 


TABLE I 


Chromosome number of Agropyron glaucum and its hybrids with Triticum species 


No. of No. of No. of No. of 
plants euploids hypoploids _hyperploids No. of 
Materials examined (2n=A) (2n=A-—1) (2n=A+1) mosaics 
A. glaucum (6x) 17 11 1 5 0 
T. durum (4x) X 
A. glaucum F, 13 9 1 2 i 
T. aestivum (6x) X 
A. glaucum Fy 7 4 0 17 
Total 37 24 2 9 2 


*A mosaic of cells with 2n =A and A+1. 

tA mosaic of cells with 2x =A and A —1, having the ring chromosome, 

About 35% of the progenies showed aberrant chromosome numbers, most 
having one extra chromosome. Two F; hybrids were mosaics in regard to their 
chromosome number. One of them was segregating somatically for a ring 
chromosome. The mitotic behavior of this ring chromosome was analyzed. 


Breakage—F'usion—Bridge Cycle 

In certain cells, the ring chromosome was clearly seen in prophase (Fig. 1). 
Among the cells in metaphase, three different chromosome constitutions were 
found, namely, 41 rod-shaped chromosomes (Fig. 2), 41 rod-shaped chromo- 
somes plus one ring chromosome (Figs. 3, 4, and 5), and 41 rod-shaped chromo- 
somes plus two ring chromosomes (Figs. 6 and 7). No cells containing 42 rod- 
shaped chromosomes or more were observed. Whenever the ring chromosome 
was missing, there were only 41 rod-shaped chromosomes present. The ring 
chromosomes varied in size; some showed ring structure whereas the smaller 
ones appeared as dots. Anaphase configurations of the ring chromosome were 
identified in six cells. Two cells showed a clear-cut separation of the sister 
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PLATE I 


Fic. 1. A prophase plate with a ring chromosome. 1000 

Fic. 2. A metaphase plate with 41 rod-shaped chromosomes. X 1000 

Fic. 3. A metaphase plate with a large ring chromosome. 1000 

Fics. 4-5. Metaphase plates with 41 rod-shaped chromosomes plus a ring chromo- . 
some. X1000 

Fic. 6. A metaphase plate with 41 rod-shaped chromosomes plus large and small 
ring chromosomes. 

NOTE: 


Arrows indicate the ring chromosomes. 
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PLATE II 


12 


Fic. 7. A metaphase plate with 41 rod-shaped chromosomes plus one large and one 
very small ring chromosomes. 1000 

Fic. 8. A portion of an anaphase plate showing a clear-cut separation of the sister 
ring chromosomes. 

Fic. 9. A portion of an anaphase plate showing an 8-shaped dicentric chromosome 
originating from a ring chromosome. 2000 

Fic. 10. A portion of an anaphase plate showing interlocked sister ring chromosomes. 

Fic. 11. A telophase plate showing two chromatic threads crossing each other. 
x 1200 


Fic. 12. A telophase plate showing two chromatic threads lying parallel. 1200 
Note: Arrows indicate the ring chromosomes. 
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rings (Fig. 8); the other four had the sister rings attached to each other, form- 
ing an 8-shaped configuration (Figs. 9 and 10). No case of a double-size ring, 
showing an elongated O shape, was observed. In telophase, two types of chro- 
matic bridges were observed: those with the two chromatic threads crossing 
each other (Fig. 11) and those lying parallel (Fig. 12). The ring chromosome 
was found to lag in some cases. 


Frequency of the Ring Chromosome 

Metaphase cells were analyzed for their chromosome constitutions in in- 
dividual root tips. Data from this analysis are summarized in Table II. 

The frequency with which ring chromosomes occurred in the cells varied 
between roots collected at the same date. In the first collection, the frequency 
was significantly higher in roots 1 and 3 than in root 2. In the second collection, 
root 5 showed a significantly higher frequency than root 6, but no difference 
was found between roots 4 and 6. 

Differences in the frequencies of the ring chromosome were highly signif- 
icant between the first and second collections. During a period of 26 days, 
about 80% of the ring chromosomes were eliminated from root tip cells. The 
proportion of large rings to small rings was found to be essentially the same 
in the two collections, i.e., about two-thirds of the ring chromosomes in both 
collections were big enough to show their ring structure. This indicates that 
size differences did not result in differential selection of the ring chromosomes 
in this material. 


Discussion 


Origin of the Ring Chromosome 

A ring chromosome can occur spontaneously as a result of irregular meiosis. 
McClintock (5) reported in maize that ring chromosomes originate from 
univalents through non-homologous pairing between their arms followed by 
crossing over. 

Results of the progeny tests indicated that the meiotic behavior of A. 
glaucum, one of the hybrid’s parents, was rather irregular. In fact, Peto (8) 
reported that a large proportion of pollen mother cells of this species had two 
to four univalents. The wheat parent of the hybrid, on the other hand, showed 
quite regular meiosis. 

For these reasons, it is believed that the ring chromosome observed origi- 
nated from the Agropyron parent. 


Breakage—Fusion—Bridge Cycle 

So far as the breakage—fusion—bridge cycle of the ring chromosome is con- 
cerned, three types of anaphase configurations are possible; a clear-cut sepa- 
ration of the sister rings (Fig. 8), a dicentric double-size ring, and an inter- 
locking of the sister rings. The dicentric double-size ring chromosome might 
appear as either an 8-shaped (Fig. 9) or an elongated O-shaped configuration. 
The sister rings interlocked might form a frying pan shape but appear as an 
8 shape when pressed (Fig. 10). When the 8-shaped chromosome separates 
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into the daughter nuclei, two chromatic bridges crossing each other might be 
formed in telophase (Fig. 11). If the dicentric, elongated O-shaped chromosome 
enters into telophase, two chromatic bridges lying parallel might be formed 
(Fig. 12). When the dicentric ring is split into equal parts and successfully 
included in the daughter nuclei, the daughter cells must show in their meta- 
phase 41 rod-shaped chromosomes and a ring that is of the same size as the 
parental one. If the dicentric ring is split into unequal halves, ring chromosomes 
found in the daughter cells must be different in size from the original one 
(Figs. 3, 4, and 5). If both of the sister rings are included in one daughter 
nucleus, the resulting cell must have 41 rod-shaped chromosomes plus two 
rings, equal or different in size (Figs. 6 and 7). Consequently, the other daugh- 
ter cell receives only 41 rod-shaped chromosomes (Fig. 2). The latter type of 
cells can also be derived from complete exclusion of a lagging ring chromosome. 

Most of the above-mentioned configurations possible for ring chromosomes 
were cytologically confirmed in this material, indicating that the breakage— 
fusion—bridge cycle was occurring on the ring chromosome reported. It was 
also confirmed that broken ends of the ring chromosome never heal by them- 
selves, because none of cells had 42 rod-shaped chromosomes. 


Frequency of the Ring Chromosome 

The significant difference of the ring chromosome frequency between roots 
collected at the same date may be due to two facts. Firstly, each root may 
have developed from primordia in which the initial frequencies of the ring 
chromosome were differerent and, secondly, the frequency might have been 
affected by the root length as was found by Nichols (7) and others in regard to 
spontaneous chromosome aberrations. 

The fact that this hybrid is hexaploid may account for the rapid elimination 
of the ring chromosome. The loss of this chromosome may have little effect 
on cell physiology, as indicated by the fact that monosomics of both T. 
aestivum and A. glaucum are not different from normal plants in their vigor. 
At the same time, cells which have lost the ring chromosome may complete a 
cell division faster than cells which retain it because lagging of the chromo- 
some does not occur in the former. Therefore, the cells lacking the ring 
chromosome seem to have an advantage in cell competition in polyploids. 

McClintock (4) reported in maize that small ring chromosomes were eli- 
minated more frequently than large ones. Such a differential elimination of 
the ring chromosomes was not found in this material. The difference between 
the two observations may be due to the different degrees of polyploidy. 
In maize, which is diploid, the elimination of a large ring chromosome must 
have a serious effect on cell physiology, as compared with the elimination 
of a small one. Consequently, the large ring chromosome tends to be retained. 
On the other hand, the size difference of a ring chromosome is not expected to 
have a serious effect on the selection of cells in this hexaploid hybrid, because 
the loss of even an entire chromosome has no appreciable effect on cell 


physiology. 
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NOTES 


A SPORE TRAP OF THE VASELINE SLIDE TYPE! 
J. C. Hopxrns? 


A spore trap of the type involving a vaseline-coated slide was modified 
for recovery of water droplets draining from it. The trap was prepared to 
facilitate studies of the factors influencing spore release by apothecia of 
Atropellis piniphila (Weir) Lohman and Cash on cankers of lodgepole pine. 

The initial studies of spore release employed a vaseline-coated slide which 
was attached vertically to a tree with the adhesive surface held about 7 mm 
from the surface of expanded apothecia. These trials yielded inconsistent 
results which were traced to the removal of spores from the vaseline surface 
by descending water droplets. Accordingly, the trap was modified for the 
retention of spores, so that spore suspensions and other droplets on the inner 
surface of the trap could be collected by the addition of a basal trough and a 
test tube. In areas of heavy and frequent rainfall a flask could be substituted 
for the test tube. 

The trap is prepared from sheet aluminum cut to a width of a standard 
microscope slide and 7} in. in length with a lateral extension at the base 
(Fig. 1). The uppermost part is folded outwards over a heavy gauge wire 
which is used to attach the trap toa tree. The bottom edge of the aluminum 
sheet is bent inwards to form a gently sloping trough. The area between 
the point of attachment and the trough must be large enough to cover a 
microscope slide held in the vertical position. The lateral extension from 
beneath the open end of the trough, measuring 3 in. in width and 23 in. in 
length, is looped back over the base of the trap to hold a test tube. The 
test tube can be secured with a “‘bull-dog”’ clip placed over the free end of the 
loop and the base of the trap. The upper end of the trough should be sealed 
and in the present instance cold solder was used for this purpose. The trap 
is secured vertically to a tree, with the trough facing a canker (Fig. 2), and 
a vaseline-coated slide is then attached by means of another ‘“‘bull-dog’”’ clip. 

The spores of A. piniphila are released when the apothecia become moist 
and spore release is usually accompanied by the accumulation of spores in 
water suspension in the trough. This spore suspension is readily transferred 
from the trough to the test tube, using water from a wash bottle. The 
spores that adhere to the coated slide can be brought into suspension by 
heating the slide under water. A haemocytometer was used to obtain a 
total count of spores when the spore suspension from the test tube was added 
to that from the immersed slide. 

1Contribution No. 572, Forest Biology Division, Research Branch, Canada Agriculture, 


Ottawa. 
*Research Officer, Forest Biology Laboratory, Calgary, Alberta. 
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Fic. 1. Detail of construction and assembly of spore trap. 
Fic. 2. A spore trap in operation. The black crayon marking on the back of the 
trap approximates the area of spore discharge from the underlying apothecia. | 
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CORRECTION 


Volume 37, page 708. Figure 5 should be reoriented so that the axis “‘Mean dry weight per 
flask culture (mg)” will be the vertical axis on the left side of the graph. The correctly 
oriented figure appears below. 
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